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CLAIMS 



[Claim(s)] 

[Claim 1] In the plasma treatment equipment which has a vacuum processing room, the plasma production 
means containing the electrode of a pair, the sample base that has the sample installation side in which the 
sample processed in this vacuum processing interior of a room is laid, and a reduced pressure means to 
decompress said vacuum processing room The RF generator which impresses the high-frequency power of 
VHF ** (30MHz thru/or 300MHz) to inter-electrode [ of said pair ], In the direction which intersects the 
electric field produced inter-electrode [ of said pair ], or near it by said RF generator Plasma treatment 
equipment characterized by having the magnetic field means forming which forms a static magnetic field or 
a low frequency magnetic field, and forming the cyclotron-resonance field of the electron by the 
interaction of said magnetic field and said electric field in inter-electrode [ of said pair ]. 
[Claim 2] In the plasma treatment equipment which has a vacuum processing room, the plasma production 
means containing the electrode of a pair, the sample base in which the sample processed in this vacuum 
processing interior of a room is laid while serving as one side of said electrode, and a reduced pressure 
means to decompress said vacuum processing room The RF generator which impresses the VHF 
electrification force (50MHz thru/or 200MHz) to inter-electrode [ of said pair ], In the direction which 
intersects the electric field produced inter-electrode [ of said pair ], or near it by said RF generator It has 
the magnetic field means forming which forms the part of a static magnetic field 17 gauss or more 72 gauss 
or less or a low frequency magnetic field. Said magnetic field means forming is set up so that the part used 
as the max of the component of a direction along the field of said sample base of said magnetic field may 
become said sample base and opposite side from the center of the electrode of said pair. Plasma treatment 
equipment characterized by forming the cyclotron-resonance field of the electron by the interaction of said 
magnetic field and said electric field in inter-electrode [ of said pair ]. 

[Claim 3] Plasma treatment equipment characterized by making the reinforcement of the magnetic field 
formed of said magnetic field means forming a magnetic field component parallel to this side become 30 
gauss or less on said sample side in claims 1 or 2. 

[Claim 4] In the plasma treatment equipment which has a vacuum processing room, a plasma production 
means containing the electrode of a pair, and a sample base for arranging the sample processed in this 
vacuum processing interior of a room while serving as one side of said electrode The RF generator which 
impresses VHF ****** (30MHz thru/or 300MHz) to inter-electrode [ of said pair ], Said electrode is 
constituted by the 1st electrode connected to said RF generator, and the 2nd electrode connected to the 
bias power supply for ion energy control while serving both as said sample base. A reduced pressure means 
for the inter-electrode distance of this pair to be 30 thru/or 100mm, and to decompress said vacuum 
processing room to 0.4Pa thru/or 4Pa, It has the magnetic field means forming which forms the part of a 
static magnetic field 10 gauss or more 1 10 gauss or less or a low frequency magnetic field in the direction 
which intersects the electric field of inter-electrode [ of said pair ], or the neighborhood of it. Plasma 
treatment equipment characterized by forming the cyclotron-resonance field of the electron by the 
interaction with the electric field by said magnetic field and said RF generator in said 1st electrode side 
rather than said 1st electrode surface top or the center of two electrodes. 

[Claim 5] Plasma treatment equipment characterized by constituting so that the consistency or direction 
of said field formed of said magnetic field means forming may be adjusted and a plasma consistency may 
become homogeneity in the location corresponding to the whole surface of said sample installation side in 
either of claims 1 , 2 , or 4 so that the cyclotron resonance effectiveness of said electron may become 
large on the periphery of this sample r or its outside compared with the center of said sample . 
[Claim 6] Plasma treatment equipment with which said magnetic field means forming is characterized by 
including the core which changes said magnetic field by carrying out eccentricity and rotating to the core 
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of said sample side, and changes continuously the distance of said cyclotron-resonance field to said 
sample in claim 4. 

[Claim 7] In the plasma treatment equipment which has a vacuum processing room, the plasma production 
means containing the electrode of a pair, the sample base that has the sample installation side in which the 
sample processed in this vacuum processing interior of a room is laid, and a reduced pressure means to 
decompress said vacuum processing room The 1st electrode by which said electrode was connected to the 
RF generator, and the 2nd electrode which serves both as said sample base, It is constituted by the 
amount of [ of said processing room which was located in the circumference outside of said 1st electrode, 
and was grounded ] wall. Said RF generator between inter-electrode [ of said pair ] r and the wall part of 
said 1st electrode and said processing room It is the power source which impresses the high-frequency 
power of VHF ** (30MHz thru/or 300MHz), In the direction mutually superimposed by denial **** and 
circumference ****** of said processing room near the core of said processing room It has the magnetic 
field means forming which forms the part of a static magnetic field 10 gauss or more 1 10 gauss or less or a 
low frequency magnetic field. Plasma treatment equipment characterized by forming the cyclotron- 
resonance field of the electron by the interaction with the electric field by said magnetic field and said RF 
generator a periphery or near [ its ] an outside said sample installation side, 

[Claim 8] Plasma treatment equipment with which said magnetic field means forming is characterized by 
having two or more coils arranged around said processing room so that magnetic flux may be mutually 
negated near the center of said sample and magnetic flux may be made to superimpose mutually on the 
periphery of this sample, or its outside in claim 1. 

[Claim 9] Plasma treatment equipment characterized by duty of the forward direction pulse part adding 0.4 
or less pulse bias to said sample through a capacitative element in a period as bias power supply for said 
ion energy control in 0.2 - 5 microseconds in claim 4, 

[Claim 10] The plasma-treatment equipment characterized by to establish an electrostatic adsorption 
means hold said sample on said sampfe base by electrostatic adsorption power, a pulse bias impression 
means connect with said sample base and impress pulse bias voltage to this sample base, and an 
electrical-potential-difference control means control the rise of the electrical potential difference 
generated with impression of said pulse bias voltage corresponding to the electrostatic adsorption capacity 
of said electrostatic adsorption means, in either of claims 1, 2, or 4. 

[Claim 1 1] It is plasma treatment equipment characterized by being constituted so that said electrical- 
potential-difference control means may control the electrical-potential-difference change by the 
electrostatic adsorption film of said electrostatic adsorption means in a round term of a pulse or less [ of 
said pulse bias voltage ] to 1/2 in claim 10. 

[Claim 12] A vacuum processing room, the plasma production means containing the electrode of a pair, and 
the sample base for arranging the sample processed in this vacuum processing interior of a room while 
serving as one side of said electrode, In the plasma treatment approach of the sample by the plasma 
treatment equipment which has a reduced pressure means to decompress said vacuum processing room 
By the step which decompresses said vacuum processing interior of a room with a reduced pressure 
means, and magnetic field means forming The step which forms the part of a static magnetic field 10 gauss 
or more 1 10 gauss or less or a low frequency magnetic field in the direction which intersects the inter- 
electrode electric field of said pair, VHF ****** (30MHz thru/or 300MHz) is impressed to inter-electrode 
[ of said pair ] by the RF generator. Between the electrodes of said pair The plasma treatment approach 
characterized by having the step which processes said sample by the plasma by which ** Li generation is 
carried out at the step which forms the cyclotron-resonance field of the electron by the interaction with 
the electric field by said magnetic field and said RF generator, and the cyclotron resonance of said 
electron. 

[Claim 13] In the plasma treatment approach of the sample by the plasma treatment equipment which has 
a vacuum processing room, a sample base for arranging the sample processed in this vacuum processing 
interior of a room, and a plasma production means containing the electrode of a pair It is constituted by 
the electrode of a pair with which said electrode consists of the 1st electrode connected to said RF 
generator, and the 2nd electrode connected to the bias power supply for ion energy control while serving 
both as said sample base. By the step which the inter-electrode distance of this pair is 30 thru/or 100mm, 
and decompresses said vacuum processing interior of a room to 0.4Pa thru/or 4Pa with a reduced 
pressure means, and magnetic field means forming The step which forms the part of a static magnetic field 
10 gauss or more 1 10 gauss or less or a low frequency magnetic field in the direction which intersects the 
inter-electrode electric field of said pair, The VHF electrification force (30MHz thru/or 300MHz) is 
impressed to inter-electrode [ of said pair ] by the RF generator Between the electrodes of said pair The 
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plasma treatment approach characterized by having the step which processes said sample by the plasma 
by which ** Li generation is carried out at the step which forms the cyclotron-resonance field of the 
electron by the interaction with the electric field by said magnetic field and said RF generator, and the 
cyclotron resonance of said electron. 

[Claim 14] A vacuum processing room and the sample base for arranging the sample processed in this 
vacuum processing interior of a room, An electrostatic adsorption means to have a plasma production 
means containing an RF generator and to be plasma treatment equipment and to hold said sample on said 
sample base by electrostatic adsorption power. While having a pulse bias impression means to impress 
pulse bias voltage to said sample and impressing the high-frequency voltage of 10MHz - 500MHz as said 
RF generator Plasma treatment equipment characterized by being constituted so that said vacuum 
processing room may be decompressed to 0.5-4.0Pa. 

[Claim 15] The electrode with which the pair by which a sample is arranged counters one electrode, and a 
gas installation means to introduce etching gas into the ambient atmosphere by which said sample is 
arranged, An exhaust air means to evacuate said ambient atmosphere to 0.5-4.0Pa, and the RF generator 
which impresses the high-frequency voltage of 10MHz - 500MHz to the counterelectrode of said pair r 
Plasma treatment equipment characterized by consisting of a plasma production means to plasmaHze said 
etching gas under said pressure, and a pulse bias impression means to impress pulse bias voltage at one 
[ said ] electrode at the time of etching of said sample, and carrying out plasma treatment of the insulator 
layer in said sample. 

[Claim 16] A vacuum processing room and the sample base for arranging the sample processed at this 
vacuum processing room, An electrostatic adsorption means to have a plasma production means and to be 
plasma treatment equipment and to hold said sample on said sample base by electrostatic adsorption 
power, A pulse bias impression means to connect with said sample base and to impress pulse bias voltage 
to this sample base, An electrical-potential-difference control means to control the rise of the electrical 
potential difference generated with impression of said pulse bias voltage corresponding to the electrostatic 
adsorption capacity of said electrostatic adsorption means is established. This electricai-potential- 
difference control means Plasma treatment equipment characterized by being constituted so that the 
electrical-potential-difference change by the electrostatic adsorption film of said electrostatic adsorption 
means in a round term of a pulse may be controlled or less [ of said pulse bias voltage ] to 1/2. 
[Claim 17] An electrostatic adsorption means to hold a sample by electrostatic adsorption power to the 
electrode with which the pair whose gap is 10mm - 50mm counters, and said one electrode, A gas 
installation means to introduce etching gas into the ambient atmosphere in which said sample was held, An 
exhaust air means to evacuate said ambient atmosphere to 0.5-4.0Pa T and a plasma production means to 
plasma-ize said etching gas with 10MHz - 500MHz high-frequency power under said pressure, Plasma 
treatment equipment characterized by consisting of a pulse bias impression means to impress pulse bias 
voltage to one [ said ] electrode with which said sample has been arranged, and carrying out plasma 
treatment of the insulator layer in said sample. 

[Claim 18] In plasma treatment equipment given in either of claims 16 or 17 An electrical-potential- 
difference control means to control the rise of the electrical potential difference generated with impression 
of said pulse bias voltage corresponding to the electrostatic adsorption capacity of said electrostatic 
adsorption means is established. As said electrical-potential-difference control means Plasma treatment 
equipment characterized by setting up the period of said pulse bias voltage so that the electrical- 
potential-difference change by the electrostatic adsorption film of said electrostatic adsorption means in a 
round term of a pulse may become 1/2 or less [ of said pulse bias voltage ]. 

[Claim 19] The step which arranges a sample to one side of the electrode prepared in the vacuum 
processing room, and the step which holds this sample to said electrode by electrostatic adsorption power, 
The step which introduces raw gas into the ambient atmosphere by which said sample has been arranged, 
and the step which evacuates said ambient atmosphere in the processing pressure force of said sample, 
the step which plasma-izes said raw gas under said pressure, the step which processes this sample by said 
plasma, and the step which impresses pulse bias voltage to said sample — since — the plasma treatment 
approach characterized by becoming. 

[Claim 20] The step which arranges a sample to one side of the electrode with which the pair whose gap is 
10mm - 50mm counters, The step which holds the arranged this sample to said electrode by electrostatic 
adsorption power, The step which introduces etching gas into the ambient atmosphere by which said 
sample has been arranged, The step which decompresses said ambient atmosphere to 0.5~4.0Pa, and the 
step which impresses 10MHz - 500MHz high-frequency power, and plasma-izes said etching gas under said 
pressure, The plasma treatment approach characterized by consisting of a step which etches said sample 
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by this plasma, and a step which impresses pulse bias voltage at one [ said ] electrode at the time of this 
etching, and carrying out plasma treatment of the insulator layer in said sample, 
[Claim 21] The step which arranges a sample to one side of the electrode prepared in the vacuum 
processing room, and the step which holds this sample to said electrode by electrostatic adsorption power, 
The step which introduces etching gas into the ambient atmosphere by which said sample has been 
arranged, The step which evacuates said ambient atmosphere, and the step which plasma-izes etching gas 
under said reduced pressure, It consists of a step which etches this sample by said plasma, and a step 
which impresses pulse bias voltage to said sample. The plasma treatment approach characterized by 
controlling the electrical-potential-difference change by the electrostatic adsorption film of said 
electrostatic adsorption means in a round term of the pulse at the time of said pulse bias voltage 
impression or less [ of said pulse bias voltage ] to 1/2. 

[Claim 22] The step which arranges a sample to one electrode of the electrode which counters, and the 
step which holds the this arranged sample to said electrode by electrostatic adsorption power, The step 
which introduces etching gas into the ambient atmosphere by which said sample has been arranged, The 
step which plasma-izes the introduced this etching gas, and the step which etches said sample by this 
plasma, The plasma treatment approach characterized by consisting of a step which impresses the pulse 
bias voltage which has the pulse amplitude of 250V-1000V, and the duty ratio of 0.05-0.4 at the time of 
this etching, and carrying out plasma treatment of the insulator layer in said sample to one [ said ] 
electrode at it. 

[Claim 23] A vacuum processing room and the sample base for arranging the sample processed in this 
vacuum processing interior of a room, An electrostatic adsorption means to have a plasma production 
means and to be plasma treatment equipment and to hold said sample on said sample base by electrostatic 
adsorption power, A bias impression means to impress bias voltage to said sample, and a radical supply 
means to have a means to decompose the gas for radical generating beforehand in said vacuum processing 
room, and to supply the radical of the amount of requests to it Plasma treatment equipment characterized 
by providing a means to supply the gas for ion generating to said vacuum processing room, and a plasma 
production means to make said vacuum processing room generate the plasma, and using Si02 as said 
sample, 

[Claim 24] A vacuum processing room and the sample base for arranging the sample processed in this 
vacuum processing interior of a room, An electrostatic adsorption means to have a plasma production 
means and to be plasma treatment equipment and to hold said sample on said sample base by electrostatic 
adsorption power, A pulse bias impression means to impress pulse bias voltage to said sample, A plasma 
supply means for radical generating to plasma-ize the gas for radical generating in said vacuum processing 
room beforehand, and to supply the radical of the amount of requests to it, Plasma treatment equipment 
characterized by providing said plasma production means to supply the gas for ion generating and to 
generate the plasma in said vacuum processing room, and using SiC2 for it as said sample. 
[Claim 25] A vacuum processing room and the sample base for arranging the sample processed in this 
vacuum processing interior of a room, An electrostatic adsorption means to have a plasma production 
means containing an RF generator and to be plasma treatment equipment and to hold said sample on said 
sample base by electrostatic adsorption power, A pulse bias impression means to impress pulse bias 
voltage to said sample, A plasma supply means for radical generating to plasma-ize the gas for radical 
generating in said vacuum processing room beforehand, and to supply the radical of the amount of requests 
to it, While equipping said vacuum processing room with said plasma production means to supply the gas 
for ion generating and to generate the plasma and impressing the high-frequency voltage of 10MHz - 
500MHz to it by said RF generator Plasma treatment equipment characterized by being constituted so that 
said vacuum processing room may be decompressed to 0.5-4.0Pa. 

[Claim 26] A vacuum processing room and the sample base for arranging the sample processed in this 
vacuum processing interior of a room, An electrostatic adsorption means to have a plasma production 
means and to be plasma treatment equipment and to hold said sample on said sample base by electrostatic 
adsorption power, A plasma supply means for radical generating to plasma-ize the gas for radical 
generating in said vacuum processing room beforehand, and to supply the radical of the amount of requests 
to it, Said plasma production means to supply the gas for ion generating to said vacuum processing room, 
and to generate the plasma, A pulse bias impression means to connect with said sample base and to 
impress pulse bias voltage to this sample base, Plasma treatment equipment characterized by providing an 
electrical-potential-difference control means to control the rise of the electrical potential difference 
generated with impression of said pulse bias voltage corresponding to the electrostatic adsorption capacity 
of said electrostatic adsorption means. 
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[Claim 27] A vacuum processing room and the sample base for arranging the sample processed in this 
vacuum processing interior of a room, An electrostatic adsorption means to hold said sample on said 
sample base by electrostatic adsorption power including the electrostatic adsorption film which is plasma 
treatment equipment which has a plasma production means, and was prepared in said sample base, A 
plasma supply means for radical generating to plasma~ize the gas for radical generating in said vacuum 
processing room beforehand, and to supply the radical of the amount of requests to it, Said plasma 
production means to supply the gas for ion generating to said vacuum processing room, and to generate 
the plasma, A pulse bias impression means to connect with said sample base and to impress pulse bias 
voltage to this sample base, An electrical-potential-difference control means to control the electrical 
potential difference produced among the both ends of said electrostatic adsorption film with impression of 
said pulse bias voltage is provided. This electrical-potential-difference control means Plasma treatment 
equipment characterized by controlling the electrical potential difference by the electrostatic adsorption 
film of said electrostatic adsorption means or less [ of said pulse bias voltage ] to 1/2. 
[Claim 28] The step which while counters and arranges a sample to an electrode, and the step which holds 
the this arranged sample to said electrode by electrostatic adsorption power, The step at which said 
sample plasmaHzes the gas for radical generating in the ambient atmosphere arranged and held 
beforehand, and supplies the radical of the amount of requests to it, The step which supplies the gas for 
ion generating to said ambient atmosphere, and the step which evacuates said ambient atmosphere to 0.5- 
4.0Pa, The step which plasma-izes the gas for ion generating which impressed the high-frequency voltage 
of 10MHz - 500MHz to said electrode which counters, and was supplied under said pressure, The plasma 
treatment approach characterized by consisting of a step which carries out etching processing of said 
sample by this plasma, and a step which impresses pulse bias voltage at one [ said ] electrode at the time 
of this etching processing, and using Si02 as said sample. 

[Claim 29] The step which arranges a sample to one side of the electrode prepared in the vacuum 
processing room, and the step which holds this sample to said electrode by electrostatic adsorption power, 
The step at which said sample plasma-izes the gas for radical generating in the ambient atmosphere 
arranged and held beforehand, and supplies the radical of the amount of requests to it, The step which 
supplies the gas for ion generating to said ambient atmosphere, and the step which plasma-izes the gas for 
ion generating which impressed the high-frequency voltage of 30MHz - 100MHz to said ambient 
atmosphere, and was supplied under said pressure, The plasma treatment approach characterized by 
consisting of a step which processes this sample by said plasma, and a step which impresses pulse bias 
voltage to said sample, and using Si02 as said sample. 

[Claim 30] The step which arranges a sample to one side of the electrode prepared in the vacuum 
processing room, and the step which holds this sample to said electrode by electrostatic adsorption power, 
The step at which said sample plasma-izes the gas for radical generating in the ambient atmosphere 
arranged and held beforehand, and supplies the radical of the amount of requests to it, The step which 
supplies the gas for ion generating to said ambient atmosphere, and the step which evacuates said ambient 
atmosphere in the processing pressure force of said sample, The step which plasma-izes the gas for ion 
generating supplied under said pressure, The plasma treatment approach characterized by consisting of a 
step which processes this sample by said plasma, and a step which impresses pulse bias voltage to said 
sample, and making it the electrical potential difference of said electrostatic adsorption means become 1/2 
or less [ of said pulse bias voltage ]. 

[Claim 31] The step which arranges a sample to one side of the electrode which was prepared in the 
vacuum processing room, and which counters, The step which holds this sample to said electrode by 
electrostatic adsorption power, and the step at which said sample plasmaHzes the gas for radical 
generating in the ambient atmosphere arranged and held beforehand, and supplies the radical of the amount 
of requests to it, The step which supplies the gas for ion generating to said ambient atmosphere, and the 
step which evacuates said ambient atmosphere to 0.5-4,0Pa, The step which plasma-izes the gas for ion 
generating which impressed the high-frequency voltage of 30MHz - 100MHz to inter-electrode [ said / 
which counters ] t and was supplied under said pressure, The plasma treatment approach characterized by 
consisting of a step which processes this sample by said plasma, and a step which impresses pulse bias 
voltage to said sample. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to suitable plasma treatment equipment to start plasma 
treatment equipment and an art, especially form the detailed pattern in a semi-conductor production 
process, and the plasma treatment approach. 
[0002] 

[Description of the Prior Art] As for plasma treatment, improvement in micro-processing nature or 
processing speed has been increasingly required with high integration of a semiconductor device. In order 
to meet this demand, low~vo]tage-izing of processing gas pressure and the densification of the plasma are 
needed. 

[0003] There are some (it abbreviates to ICP) which a coil is excited [ some ] according to the power 
source of the thing using the cyclotron^resonance phenomenon (it abbreviates to ECR) of (1) microwave 
(2.45GHz) electromagnetic field and a static magnetic field (875G) and (2) RF frequency as what aims at 
low-voltageHzing of processing gas pressure and densification, generate induction field, and generate the 
plasma. 

[0004] By the way, when etching the film of an oxide film system using fluorocarbon system gas, the 
present condition is that it is difficult for dissociation of gas to progress too much and to make high the 
selection ratio to the substrate (Si and SiN) of the oxide film system film by the ICP method shown in ECR 
shown above (1) or (2). 

[0005] The conventional method of impressing the electrical potential difference of RF frequency between 
parallel plates, and on the other hand, generating the plasma is difficult for making stability discharge by the 
pressure of lOPa or less. As [ showed / in (3) JPJ-2971 75,A or JP,3-204925,A / as this cure ] The 2 
cycle exciting method for making an electrical potential difference with a high frequency of dozens of MHz 
or more generate the plasma, and performing bias control of a sample on the low frequency of several MHz 
or less, (4) — the magnetron RIE (it abbreviates to M-RIE) which Field B was added in the direction which 
intersects the auto-bias electric field (E) by which induction was carried out to the sample front face as 
shown in JP,2-312231 A and the electron by the electronic Lorentz force shut up, and used the operation 
— there is law. 

[0006] Moreover, there are some which were indicated by JP,56~13480,A as an approach of making a 
plasma consistency increasing to the bottom of low gas pressure. This utilizes the electron cyclotron 
resonance (ECR) by the microwave (2.45GHz) and static magnetic field (875Gauss) which are an 
electromagnetic wave, and a plasma consistency even with the high low gas pressure of 0.1-1Pa is 
obtained. 

[0007] The processor equipped with the RF generator for accelerating the ion in the plasma and the 
electrostatic adsorption film which makes a sample hold on a sample base by electrostatic adsorption 
power on the other hand to the sample base which arranges a processed material (for example, it 
abbreviates to a semi-conductor wafer substrate and a following sample.) in the technical field which 
performs etching processing, membrane formation processing, etc. of a semi-conductor using the plasma is 
adopted. 

[0008] For example, the equipment indicated by the USP No. 5,320,982 specification controls the ion 
energy which connects this power source to a sample base by using the RF generator of a sinusoidal 
output as bias power supply, and carries out incidence to a sample, making heat transfer gas intervene 
between a sample and a sample base, and performing temperature control of a sample, while generating the 
plasma with microwave and making a sample hold on a sample base by electrostatic adsorption power. 
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[0009] Moreover, it is indicated that it becomes possible to be able to narrow distribution width of face of 
the ion energy which carries out incidence to a sample by generating the ion control bias wave of the 
shape of a pulse which fixed-izes plasma inter-electrode field strength, and being impressed by the sample 
base, and to raise the processing dimensional accuracy of etching and the etching velocity ratio of the 
processed film and substrate material several times in JP,62-280378,A. 

[0010] Moreover, it is indicated by JP,6~61 182,A that generate the plasma using a electron cyclotron 
resonance, and pulse duty impresses the pulse bias of about 0.1% or more of width of face, and prevents 
generating of a notch in a sample. 

[0011] In addition, the thing of a publication is in Jap J.Appl.phys, Vol.28, No.10, October, 1989, and PP.L 
1860-L 1862 as an example as for which cyclotron resonance raises a lifting and a plasrrra consistency by 
the VHF electrification magnetic wave and the static magnetic field. However, a 144MHz RF is impressed 
to the central conductor of a coaxial configuration by this example, the magnetic field of 51 G parallel to a 
central conductor is added, cyclotron resonance is produced, PURAZU of high density is generated, and 
the sample base grounded to the lower stream of a river of this plasma generating section is installed. 
[0012] 

[Problem(s) to be Solved by the Invention] A plasma generating method given in JP,7-2881 95,A or JP,7- 
2971 75,A generates the plasma by the RF (13,56MHz and dozens of MHz) among the above-mentioned 
conventional technique. Etching of an oxide film can be made to generate the good plasma in the gas 
pressure of dozens-5Pa (pascal) extent. However, with detailed-izing with a pattern dimension of about 0.2 
micrometers or less, perpendicular-ization of a processing configuration is required more strongly and, for 
that, the fall of gas pressure is becoming indispensable. 

[0013] However, it is difficult to make stability generate the plasma of the consistency of the request of 
5x1 01 0cm "3 or more about by 4Pa or less (0.4~4Pa) by the above-mentioned 2 cycle exciting method and 
the above-mentioned M-RIE method. For example, even if it makes the plasma excitation frequency high 
by the above-mentioned 2 cycle exciting method, it is difficult for reduction which a plasma consistency 
seldom increases above about 50MHz, or falls conversely to come out, and to carry out a plasma 
consistency with the low gas pressure of 0.4~4Pa more than 5x1010cm~3 </SUPX 

[0014] Moreover, the plasma consistency which the electron by the Lorentz force of the electron produced 
on a sample front face shuts up by the M-RIE method, and is generated by operation must be uniform all 
over a sample. However, generally a plasma consistency has the fault which the deviation within a field 
produces by the drift of ExB. Since it generates near the sheath near [ where field strength is strong ] the 
sample, the deviation of the plasma consistency which an electron shuts up in a sample front face directly, 
and is formed in an operation cannot be amended by approaches, such as diffusion. 

[0015] uniform PURAZUMAGA profit **** which do not have a bias even if it adds 200 gauss as maximum 
of a magnetic field parallel to a sample by arranging a magnet so that magnetic field strength may become 
weak in the direction of a drift of the electron by ExB as indicated by JP,7-288195,A as this solution. 
However, since it will be limited to the specific narrow range with the conditions from which the plasma 
becomes uniform once it fixes magnetic-field-strength distribution, change of processing conditions has 
the fault which cannot follow in footsteps easily. Especially, in order for the pressure on a sample center 
section to become high ten percent or more from the pressure on a sample edge when narrow, and to 
avoid the differential pressure on a sample, when an inter-electrode distance is about 20mm or less to the 
diameter sample of macrostomia beyond phi300, and setting spacing between a sample base and a 
counterelectrode as 30mm or more, it is in the inclination especially whose difficulty increases. 
[0016] Thus, by the above-mentioned 2 cycle exciting method and the above-mentioned M-RIE method, it 
is the low voltage of 0.4 to 4 Pa, and it is difficult to make the plasma consistency of 5x1010cnrT3 into 
homogeneity in a phi300rnm sample side. Therefore, by the 2 cycle exciting method or the M-RIE method, 
it is in a difficult situation for it to be uniform, and to have high-speed workability to the wafer of the 
diameter of macrostomia beyond phi300mm, and to process a selection ratio with substrates (Si, SiN, etc.) 
for processing below the diameter of 0.2 micron highly. 

[0017] On the other hand, there are some which were indicated by JP,56-13480,A in the above-mentioned 
conventional technique as an approach to which the plasma consistency by low gas pressure is made to 
increase sharply. However, by this method, dissociation of gas progressed too much, and when silicon 
oxide, a nitride, etc. were etched using the gas containing a fluorine and carbon, a fluorine atom / molecule, 
and fluorine ion were generated so much, and there was a fault that a selection ratio with desired 
substrates (Si etc.) was not obtained. The ICP method using the induction field of RF power also had the 
fault to which dissociation progresses too much like the describing [ above ] ECR method. 
[0018] Moreover, generally the configuration which exhausts raw gas from the circumference of a sample is 
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taken, in this case, the consistency of a sample center section was high, it became the inclination for the 
plasma consistency of a sample periphery to become low, and there was a fault by which the homogeneity 
of processing on the whole sample surface is spoiled. Although preparing an annular bank (focal ring) near 
the circumference of a sample, and stagnating a gas stream was performed in order to improve this fault, it 
had the fault to which a resultant adheres, it becomes a foreign matter generation source, and the yield 
falls to this bank. 

[0019] On the other hand, in order that the ion which carries out incidence to a sample may carry out 
energy control, adding RF bias of a sine wave to the electrode which lays a sample is performed. Although 
several 100kHz - 13.56MHz was used as that frequency, since ion followed in footsteps of change of the 
electric field in a sheath, with this frequency band, the energy distribution of the ion which carries out 
incidence had become the double peak mold which has a peak by two by the side of low energy and high 
energy. Although the processing speed of the ion by the side of high energy was high r the damage was 
given to the sample, and when there is a fault with low processing speed and it was going to lose the 
damage, processing speed fell, and the ion by the side of low energy had the fault from which a damage 
poses a problem, when it was going to gather processing speed. On the other hand, although the energy 
distribution which carries out incidence approached the single peak together, the greater part of the energy 
was used for plasma production, and when RF bias frequency was made into the high value of about 50MHz 
or more, since the electrical potential difference which joins a sheath fell sharply, there was a fault to 
which it becomes difficult to control the energy of incidence ion independently. 

[0020] Moreover, a pulse bias-power-supply method given in JP,62-280378,A or JP,6-61182,A among the 
above-mentioned conventional technique The examination in the case of impressing pulse bias to a sample 
between a sample base electrode and a sample using the dielectric layer for electrostatic adsorption is not 
made. Since the ion acceleration voltage impressed between the plasma and a sample front face by the 
increment in the electrical potential difference generated among the both ends of an electrostatic 
adsorption film with the inflow of the ion current will fall and ion energy distribution will spread, if it applies 
to an electrostatic adsorption method as it is, There was a fault which cannot cope with processing of the 
detailed pattern to need performing sufficient temperature control for a sample. 

[0021] moreover , by the conventional sinusoidal output bias power supply method indicated by the USP 
No. 5,320,982 specification , if a frequency became high , since the impedance of the sheath section would 
approach the own impedance of plasma or would become less than [ it ] , the unnecessary plasma arose 
near the sheath near the sample by bias power supply , while no longer be use effective in an acceleration 
of an ion , piasma distribution also got worse , and there be a fault in which the controllability of the ion 
energy by bias power supply be lose . 

[0022] The limit of the control is becoming clear as processing of a sample makes it detailed in plasma 
treatment further again, since the gas by which it serves as the ion source and a source of a radical 
conventionally although it is important to control the amount of ion, the amount of radicals, and a radical 
kind proper because of the improvement in the engine performance was made to flow into a processing 
room, the plasma was generated in the processing interior of a room and coincidence was made to 
generate ion and a radical. 

[0023] Moreover, the means for applying to homogeneity the installation bias voltage of the bias power 
supply impressed to a sample base over the whole sample side surface etc. is not described by the 
example using the cyclotron resonance of Jap.J.Appl.phys described previously and VHF of 28 and 10. 
Moreover, it is difficult for the height of a processing room to be about 200mm or more, and for the 
configuration utilized for the surface reaction owner effect in a counterelectrode not to become, but to 
obtain a high selection ratio with this configuration. 

[0024] The purpose of this invention has precise processing of the detailed pattern to the sample of the 
diameter of macrostomia in offering easy plasma treatment equipment and the plasma treatment approach 
by not advancing dissociation of gas too much but acquiring the uniform plasma with the diameter of 
macrostomia beyond phi300mm. 

[0025] Other purposes of this invention are to offer the plasma treatment equipment which can perform 
homogeneity and high-speed processing, especially oxide-film processing over the whole surface of the 
sample of the diameter of macrostomia, and its art, 

[0026] Other purposes of this invention are to offer the plasma treatment equipment and the plasma 
treatment approach which raised the selection ratio of plasma treatment to the insulator layers in a sample 
(for example, Si02 f SiN, BPSG, etc.). 

[0027] Other purposes of this invention are to offer the plasma treatment equipment and the plasma 
treatment approach which acquire narrow ion energy distribution, are stabilized and can improve the 
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selection ratio of plasma treatment with a sufficient controllability by the low damage. 

[0028] Other purposes of this invention are to offer the plasma treatment equipment and the plasma 

treatment approach of improving temperature control nature by electrostatic adsorption of a sample, being 

stabilized with a sufficient precision and performing processing of the detailed pattern to need. 

[0029] Other purposes of this invention are to offer the plasma treatment equipment which can control ion 

and a radical independently, and the plasma treatment approach. 

[0030] 

[Means for Solving the Problem] In the plasma treatment equipment with which the description of this 
invention has a vacuum processing room, the plasma production means containing the electrode of a pair, 
the sample base that has the sample installation side in which the sample by which it is processed in this 
vacuum processing interior of a room is [aid, and a reduced pressure means to decompress said vacuum 
processing room The RF generator which impresses the highHrequency power of VHF ** (30MHz thru/or 
300MHz) to inter-electrode [ of said pair ], In the direction which intersects the electric field produced 
inter-electrode [ of said pair ], or near it by said RF generator It has the magnetic field means forming 
which forms a static magnetic field or a low frequency magnetic field, and is in forming the cyclotron- 
resonance field of the electron by the interaction of said magnetic field and said electric field in inter- 
electrode [ of said pair ]. 

[0031] A plasma production means by which other descriptions of this invention contain a vacuum 
processing room and the electrode of a pair, In the plasma treatment equipment which has the sample base 
in which the sample processed in this vacuum processing interior of a room is laid while serving as one side 
of said electrode, and a reduced pressure means to decompress said vacuum processing room The RF 
generator which impresses the VHF electrification force (50MHz thru/or 200MHz) to inter-electrode [ of 
said pair 1 In the direction which intersects the electric field produced inter-electrode [ of said pair ], or 
near it by said RF generator It has the magnetic field means forming which forms the part of a static 
magnetic field 17 gauss or more 72 gauss or less or a low frequency magnetic field. The part used as the 
max of the component of a direction along the field of said sample base of said magnetic field sets up so 
that it may become said sample base and opposite side from the center of the electrode of said pair, and it 
is to form the cyclotron-resonance field of the electron by the interaction of said magnetic field and said 
electric field in inter-electrode [ of said pair ]. 

[0032] A plasma production means by which other descriptions of this invention contain a vacuum 
processing room and the electrode of a pair, In the plasma treatment approach of the sample by the 
plasma treatment equipment which has a sample base for arranging the sample processed in this vacuum 
processing interior of a room while serving as one side of said electrode, and a reduced pressure means to 
decompress said vacuum processing room By the step which decompresses said vacuum processing 
interior of a room with a reduced pressure means, and magnetic field means forming The step which forms 
the part of a static magnetic field 10 gauss or more 1 10 gauss or less or a low frequency magnetic field in 
the direction which intersects the inter-electrode electric field of said pair, The VHF electrification force 
(30MHz thru/or 300MHz) is impressed to inter-electrode [ of said pair ] by the RF generator. Between the 
electrodes of said pair It is in having the step which forms the cyclotron-resonance field of the electron by 
the interaction with the electric field by said magnetic field and said RF generator, and the step which 
processes said sample by the plasma by which ** Li generation is carried out at the cyclotron resonance 
of said electron. 

[0033] In order that according to this invention dissociation of gas may not be advanced too much but 
saturation ion current distribution may acquire **5% or less of uniform plasma with the diameter of 
macrostomia beyond phi300mm, as an RF generator for plasma production, 30MHz cannot be found and 
300MHz (50MHz thru/or 200MHz) of VHF is used preferably. A static magnetic field or a low frequency 
magnetic field is formed in the direction which, on the other hand, intersects the electric field produced in 
inter-electrode [ of a pair ] by said RF generator. Thereby, with a sample base, the cyclotron-resonance 
field of the electron by the interaction of a magnetic field and electric field is formed in the opposite side 
rather than the center of the electrode of this pair along the sample installation side of a sample base 
inter-electrode [ of a pair ]. A sample is processed to the cyclotron resonance of this electron by the 
plasma by which ** Li generation is carried out. 

[0034] A magnetic field has the part of a static magnetic field 17 gauss or more 72 gauss or less or a low 
frequency (1kHz or less) magnetic field preferably 10 gauss or more 110 gauss or less, and gas is made into 
the low voltage of 0.4Pa thru/or 4Pa. Moreover, there is no 30 and distance between two electrodes is 
preferably set to 30 thru/or 60mm 100mm. In addition, it cannot be overemphasized that the electrode of a 
pair is what has the area more than the area of the sample processed, respectively. 
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[0035] As a frequency f of an RF generator, by using 50 MHz<=f<=200MHz VHF r a plasma consistency 
does not have a single figure compared with the case of microwave ECR, and falls about double figures. 
Moreover, dissociation of gas also falls and unnecessary fluorine atom / molecule, and generating of ion 
also fall about single or more figures. Three or more [ 5x1 01 0cm ~ ] processings of low-pressure and a high 
rate which the plasma with a high consistency is acquired moderately and are 0.4 to 4 Pa are attained as 
an absolute value of a plasma consistency the frequency of this VHF band, and by using cyclotron 
resonance. Furthermore, in order that dissociation of gas may not progress too much, either, a selection 
ratio with substrates, such as Si and SiN, is not worsened greatly. 

[0036] Although dissociation of gas will progress for a while if compared with the 13.56MHz conventional 
parallel plate electrode, the fluorine atom / molecule by this, and the slight increment in ion can improve by 
installing the matter which contains silicon and carbon in an electrode surface or a chamber wall surface, 
or combining and discharging hydrogen and a fluorine further using adding bias to these, and the gas 
containing hydrogen. 

[0037] Moreover, according to this invention, the part which serves as max of a magnetic field component 
parallel to a sample base between two electrodes is set as a sample base and the opposite side rather than 
the center of two electrodes. By making preferably magnetic field strength parallel to the sample in respect 
of sample installation of a sample base into 15 gauss or less 30 gauss or less The Lorentz force (ExB) 
committed into an electron near a sample installation side can be made into a small value, and generating 
of the heterogeneity of the plasma consistency by the electronic drift condenser by the Lorentz force in 
respect of sample installation can be abolished. 

[0038] According to other descriptions of this invention, compared with near the center section of the 
sample, the electronic cyclotron-resonance effectiveness is enlarged on a periphery or its outside 
compared with a center so that generation of the plasma may be raised a periphery or near [ its ] an 
outside a sample. It can attain by making distance of a cyclotron-resonance field and a sample far, losing a 
cyclotron-resonance field, or lessening the rectangular degree of a magnetic field and electric field as a 
means which lowers the electronic cyclotron-resonance effectiveness, etc. 

[0039] Moreover, if the field gradient near cyclotron-resonance magnetic field BC is made sudden and an 
ECR resonance region is narrowed, the cyclotron-resonance effectiveness can be weakened. An ECR 
resonance region is Bc(l-a) <=B<=Bc (1+a). However, it becomes the range of the magnetic field strength 
B which becomes 0.05 <=a<=0.1. 

[0040] In an ECR resonance region, in order that dissociation may progress, especially generation of ion 
prospers. On the other hand, dissociation does not progress compared with an ECR resonance region, but, 
as for fields other than an ECR resonance region, the direction of generation of a radical prospers. By 
adjusting the high-frequency power applied to the width of face and the up electrode of an ECR resonance 
region, generating of the suitable ion for processing of a sample and a radical can be controlled more nearly 
independently. 

[0041] A sample base for other descriptions of this invention to arrange a vacuum processing room and the 
sample processed in this vacuum processing interior of a room, An electrostatic adsorption means to have 
a plasma production means containing an RF generator and to be plasma treatment equipment and to hold 
said sample on said sample base by electrostatic adsorption power, While having a pulse bias impression 
means to impress pulse bias voltage to said sample and impressing the high-frequency voltage of 10MHz - 
500MHz as said RF generator, it is in having constituted so that said vacuum processing room might be 
decompressed to 0.5-4.0Pa. 

[0042] A sample base for other descriptions of this invention to arrange the sample processed at a vacuum 
processing room and this vacuum processing room, An electrostatic adsorption means to have a plasma 
production means and to be plasma treatment equipment and to hold said sample on said sample base by 
electrostatic adsorption power, It connects with said sample base and is in having established a pulse bias 
impression means to impress pulse bias voltage to this sample base, and an electrical-potential-difference 
control means to control change of the electrical potential difference generated with impression of said 
pulse bias voltage corresponding to the electrostatic adsorption capacity of said electrostatic adsorption 
means. 

[0043] The step which arranges a sample to one side of the electrode of the pair which counters with 
which other descriptions of this invention were prepared in the vacuum processing room, The step which 
holds this sample to said electrode by electrostatic adsorption power, and the step which introduces 
etching gas into the ambient atmosphere by which said sample has been arranged, The step which 
evacuates said ambient atmosphere to 0.5-4.0Pa, and the step which impresses the high-frequency voltage 
of 10MHz - 500MHz, and plasma-izes etching gas under said pressure, It is in the plasma treatment 
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approach which consists of a step which etches said sample by this plasma, and a step which impresses 
pulse bias vottage to one [ said ] electrode. 

[0044] The step which arranges a sample to one electrode of the electrode with which other descriptions 
of this invention counter, The step which holds the arranged this sample to said electrode by electrostatic 
adsorption power, The step which introduces etching gas into the ambient atmosphere by which said 
sample has been arranged, The step which plasmaHzes the introduced this etching gas, and the step which 
etches said sample by this plasma, It is in consisting of a step which impresses the pulse bias voltage 
which has the pulse amplitude of 250V-1000V, and the duty ratio of 0.05-0.4 at the time of this etching, 
and carrying out plasma treatment of the insulator layers in said sample (for example, Si02, SiN, BPSG, 
etc.) to one [ said ] electrode at it. 

[0045] According to other descriptions of this invention, by impressing the pulse-like bias power of a 
predetermined property to the sample base equipped with an electrostatic adsorption means to have a 
dielectric layer for electrostatic adsorption, temperature control nature of a sample is fully performed, it is 
stabilized and processing of the detailed pattern to need can be performed. That is, it has an electrostatic 
adsorption means to hold a sample on a sample base by electrostatic adsorption power, and a pulse bias 
impression means to connect with a sample base and to impress pulse bias voltage to this sample base, 
and duty of the forward direction pulse part adds 1/2 or less pulse bias to a sample through a capacitative 
element in a period in 0.2 - 2 microseconds. 

[0046] Moreover, according to other descriptions of this invention, as an electrical-potential-difference 
control means to control change of the electrical potential difference generated with impression of pulse 
bias voltage corresponding to the electrostatic adsorption capacity of an electrostatic adsorption means, 
electrical-potential-difference change which joins the both ends of a dielectric layer by electrostatic 
adsorption during a pulse round term constitutes so that it may become 1/2 or less [ of the magnitude of 
pulse bias voltage ]. Specifically make thin thickness of the electrostatic chuck film of the dielectric 
prepared in the front face of a lower electrode, or let a dielectric be an ingredient with large specific 
inductive capacity. Or the approach of controlling the rise of the electrical potential difference which 
shortens the period of pulse bias voltage and joins the both ends of a dielectric layer again may be 
adopted. 

[0047] According to other descriptions of this invention, the selectivity of the plasma treatment to the 
insulator layers in a sample (for example, Si02, SiN, BPSG, etc.) etc. can be raised by impressing the pulse 
bias voltage which has the pulse amplitude of 250V-1000V, and the duty ratio of 0.05-0,4 to one [ said ] 
electrode further again at the time of etching of a sample. 

[0048] A sample base for other descriptions of this invention to arrange a vacuum processing room and the 
sample processed in this vacuum processing interior of a room, An electrostatic adsorption means to have 
a plasma production means and to be plasma treatment equipment and to hold said sample on said sample 
base by electrostatic adsorption power, A bias impression means to impress bias voltage to said sample, 
and a radical supply means to have a means to decompose the gas for radical generating beforehand in 
said vacuum processing room, and to supply the radical of the amount of requests to it, It is in providing a 
means to supply the gas for ion generating to said vacuum processing room, and a plasma production 
means to make said vacuum processing room generate the plasma, and using Si02 as said sample. 
[0049] A sample base for other descriptions of this invention to arrange a vacuum processing room and the 
sample processed in this vacuum processing interior of a room, An electrostatic adsorption means to have 
a plasma production means containing an RF generator and to be plasma treatment equipment and to hold 
said sample on said sample base by electrostatic adsorption power, A pulse bias impression means to 
impress pulse bias voltage to said sample, A plasma supply means for radical generating to plasma-ize the 
gas for radical generating in said vacuum processing room beforehand, and to supply the radical of the 
amount of requests to it, While having said plasma production means to supply the gas for ion generating to 
said vacuum processing room, and to generate the plasma and impressing the high-frequency voltage of 
10MHz - 500MHz to said RF generator, it is in being constituted so that said vacuum processing room may 
be decompressed to 0.5-4.0Pa. 

[0050] According to other descriptions of this invention, by controlling the amount and the quality of ion 
and RAJIRARU independently and impressing the pulse-like bias power of a predetermined property to the 
sample base equipped with an electrostatic adsorption means to have a dielectric layer for electrostatic 
adsorption, temperature control nature of a sample is fully performed, it is stabilized and processing of the 
detailed pattern to need can be performed. 

[0051] Furthermore, the amount and the quality of ion and RAJIRARU are controlled independently, narrow 
ion energy distribution is acquired, it can be stabilized and the selectivity of plasma treatment etc. can be 
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raised with a sufficient controllability, 

[0052] Moreover, the amount and the quality of ion and RAJIRARU are controlled independently, and as an 
electrical-potential-difference control means to control change of the electrical potential difference 
generated with impression of pulse bias voltage corresponding to the electrostatic adsorption capacity of 
an electrostatic adsorption means, electrical-potential-difference change which joins the both ends of a 
dielectric layer by electrostatic adsorption during a pulse round term constitutes so that it may become 
1/2 or less [ of the magnitude of pulse bias voltage ]. Specifically make thin thickness of the electrostatic 
chuck film of the dielectric prepared in the front face of a lower electrode, or let a dielectric be an 
ingredient with large specific inductive capacity. Or the approach of controlling the rise of the electrical 
potential difference which shortens the period of pulse bias voltage and joins the both ends of a dielectric 
layer again may be adopted. 

[0053] Moreover, according to other descriptions of this invention, the selectivity of plasma treatment with 
the substrate over the insulator layers in a sample (for example, Si02, SiN, BPSG, etc.) etc. can be raised 
by controlling the amount and the quality of ion and RAJIRARU independently and impressing the pulse 
bias voltage which has the pulse amplitude of 250V-1000V, and the duty ratio of 0.05^0.4 in one [ said ] 
electrode at the time of etching of a sample. 

[0054] Furthermore, according to other descriptions of this invention, the amount and the quality of ion and 
RAJIRARU are controlled independently and gas pressure of the processing interior of a room is made into 
the low voltage of 0.5-4.0Pa, using the high-frequency voltage of 10MHz - 500MHz as an RF generator for 
plasma generating. Thereby, the stable plasma is acquired. Moreover, by using such high-frequency voltage, 
ionization of the gas plasma becomes good and the selection-ratio control at the time of sample 
processing becomes good. 
[0055] 

[Embodiment of the Invention] The example of this invention is explained below. The first example which 
applied this invention to the plasma etching system of a counterelectrode mold at drawing 1 is shown first. 
In drawing 1 , the processing room 10 as a vacuum housing is equipped with the electrode with which the 
pair which consists of the up electrode 12 and the lower electrode 15 counters. A sample 40 is laid in the 
lower electrode 15. In order to **** the differential pressure on the sample side when processing the 
sample of the diameter of macrostomia beyond phi300mm to ten or less percent, as for the gap of two 
electrodes 12 and 15, it is desirable to be referred to as 30mm or more. Moreover, in order to reduce a 
fluorine atom, a molecule, and ion, it is desirable to set preferably the reaction on the upper part / lower 
electrode surface to 60mm or less 100mm or less from a viewpoint utilized effectively. RF generator 16 
which supplies radio-frequency energy through a matching box 162 is connected to the up electrode 12. 
161 is a source of an RF generator modulating signal Between the up electrode 12 and the ground, the 
filter 165 which serves as low impedance to the frequency component of bias power supply 17, and serves 
as a high impedance to the frequency component of RF generator 16 is connected. 

[0056] Surface area of the up electrode 12 installed almost in parallel with a sample base is made larger 
than the area of the sample 40 processed, and it is constituted so that an electrical potential difference 
may join homogeneity efficiently in the sheath on a sample side by impression of bias power supply 17. 
[0057] The up electrode covering 30 as a removal plate of the fluorine which consists of silicon, carbon, or 
SiC is formed in the bottom front face of the up electrode 12. Moreover, the gas induction room 34 
equipped with the gaseous diffusion plate 32 which diffuses gas in desired distribution is established in the 
upper part of the up electrode 12. Gas required for processing of etching of a sample etc. is supplied to the 
processing room 10 through the hole 38 prepared in the gaseous diffusion plate 32, the up electrode 12, 
and the up electrode covering 30 of the gas induction room 34 from the gas supply section 36. Evacuation 
of the outside room 1 1 is carried out by the vacuum pump 18 connected to the outside room through the 
bulb 14, and the processing room 10 is adjusted to the processing pressure force of a sample. 13 is an 
insulator. While raising a plasma consistency, in order to attain homogenization of the reaction in a 
processing room, the ring 37 for [ discharge ****** ] is formed in the perimeter of the processing room 10. 
Between ** for exhaust air is established in the ring 37 for [ discharge ****** ]. 
[0058] On the up electrode 12, it intersects perpendicularly with the electric field E formed in inter- 
electrode, and the magnetic field means forming 200 for forming a magnetic field parallel to the field of a 
sample 40 is established, the magnetic field means forming 200 — a core 201 and electromagnetism — the 
coi! 202 and the insulator 203 are provided. As a component of the up electrode 12, there is a nonmagnetic 
material conductor, for example, aluminum and an aluminium alloy. As a component of the processing room 
10, there are nonmagnetic material, for example, aluminum and an aluminium alloy, an alumina, a quartz, SiC, 
etc. The core 201 has the axial symmetry-of-revolution structure of a cross-section abbreviation easy 
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mold of having the core sections 201 A and 201 B that the field B to which magnetic flux is extended from 
the central upper part of the processing room 10 to abbreviation parallel along with the up electrode 12 
toward the up electrode 12 at a periphery should be formed. The magnetic field formed between two 
electrodes of the magnetic field means forming 200 has the part which produces the cyclotron resonance 
of a static magnetic field 17 gauss or more 72 gauss or less or a low frequency magnetic field (1 or [ess 
KHZ) preferably 110 gauss or less more than 10 gauss (Gauss). 

[0059] The magnetic field strength Be (gauss) which produces cyclotron resonance has the relation of 
Bc=0.357xf (MHz) to the frequency f of the RF for plasma production (MHz) a well-known passage. 
[0060] In addition, as long as two electrodes 12 and 15 in this invention have the substantially parallel 
electrode of the pair which carries out phase opposite, it is good and electrodes 12 and 15 may have some 
concave surface or convex from the demand of a plasma production property etc. In such 2 electrode 
molds, inter-electrode electric-field distribution can be equalized easily, and making generation of the 
plasma by cyclotron resonance into homogeneity has the comparatively easy description by improving the 
homogeneity of the magnetic field which intersects perpendicularly with this electric field. 
[0061] The lower electrode 15 which carries out installation maintenance of the sample 40 has composition 
equipped with the electrostatic chuck 20 of 2 pole type. That is, the lower electrode 15 is constituted by 
outside 1st lower electrode 15A and 2nd lower electrode 15B arranged through an insulator 21 in the inside 
upper part, and the dielectric layer 22 for electrostatic adsorption (it is hereafter called an electrostatic 
adsorption film for short) is formed in the upper front face of the 1st and the 2nd car lower electrode. DC 
power supply 23 are connected to the 1st and the 2nd car lower inter-electrode one through the coils 24A 
and 24B for a high frequency component cut, and as the 2nd lower electrode 15B side just becomes, it 
impresses direct current voltage to both lower inter-electrode one. Thereby, according to the Coulomb 
force which acts on a sample 40 and both lower inter-electrode one through the electrostatic adsorption 
film 22, on the lower electrode 15, it adsorbs and a sample 40 is held. As an electrostatic adsorption film 
22, dielectrics, such as what mixed the titanic-acid ghost, can be used for an aluminum oxide and an 
aluminum oxide, for example. Moreover, as a power source 23 r the DC power supply of several 100 V are 
used. 

[0062] Moreover, the pulse bias power supply 17 which supplies the pulse bias of the amplitude of 20V- 
1000V is connected to the lower electrode 15 (15A, 15B) through the blocking capacitors 19A and 19B 
which cut DC component, respectively, 

[0063] Although explained until now, using 2 pole type as an electrostatic chuck, other electrostatic 
chucks, for example, a unipolar system and n pole type (n>=3), of a method are sufficient. 
[0064] When performing etching processing, the sample 40 which is the object of processing is laid on the 
lower electrode 15 of the processing room 10, and is adsorbed by the electrostatic chuck 20. On the other 
hand, gas required for etching processing of a sample 40 is supplied to the processing room 10 through the 
gas induction room 34 from the gas supply section 36. Evacuation of the outside room 11 is carried out by 
the vacuum pump 18, and it is evacuated so that the processing room 10 may become the processing 
pressure force of a sample, for example, 0.4-4.0Pa, (pascal). Next, from RF generator 16, 50MHz - 200MHz 
high-frequency power is outputted desirably, and 30MHz - 300MHz of raw gas of the processing room 10 is 
plasma-ized. 

[0065] Electronic cyclotron resonance is produced between the up electrode 12 and the lower electrode 
15, it is 0.4™4.0Pa in low gas pressure, and the plasma of a high consistency is made to generate in this 
case by 30 thru/or 300MHz high-frequency power, and the part of the static magnetic field 10 gauss or 
more 110 gauss or less formed of the magnetic field means forming 200. 

[0066] On the other hand, a period impresses the bias of 0.05-0.4 to the lower electrode 15 preferably for 
0.1 microseconds to 10 microseconds on electrical potential differences 20V-1000V from the pulse bias 
power supply 1 7, the duty of a pulse part forward in 0.2 microseconds - 5 microseconds controls the 
electron and ion in the plasma, and etching processing to a sample 40 is performed. 

[0067] After etching gas is made desired distribution with the gaseous diffusion plate 32, it is poured into 
the processing room 10 through the hole 38 which ended to the up electrode 12 and the up electrode 
covering 30. 

[0068] Moreover, using the thing containing carbon, silicon, or these, a fluorine and an oxygen component 
are removed to the up electrode covering 30, and a selection ratio with the substrate of a resist, silicon, 
etc. is raised to it. 

[0069] In order to raise the micro-processing nature of the sample of the diameter of macrostomia, it is 
good to attain stabilization of discharge in a low-gas-pressure field using the thing of the higher frequency 
as RF generator 16 for plasma generating. In this invention, it is the plasma consistency of 5x1010 thru/or 
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5x101 1cm~3 by low voltage gas (0,4Pa thru/or 4Pa), and in order not to advance dissociation of gas too 
much but to acquire the uniform plasma with the diameter of microstomia, RF generator 16 for plasma 
production is connected to the up electrode 12. On the other hand r the bias power supply 17 for ion energy 
control is connected to the lower electrode 15 which laid the sample, and distance between these two 
electrodes is set to 30 thru/or 100mm. 

[0070] Moreover, 300MHz of electronic cyclotron resonance is preferably produced between the up 
electrode 12 and the lower electrode 15 10 gauss or more 110 gauss or less as RF generator 16 for plasma 
production by the interaction with the part of a static magnetic field 17 gauss or more 72 gauss or less or 
a low frequency (1kHz or less) magnetic field, 30MHz not being found and using VHF (50MHz thru/or 
200MHz). 

[0071] An example of the change of a plasma consistency when changing the frequency of the RF 
generator which generates the plasma, where the magnetic field which produces electronic cyclotron 
resonance is added to drawing 2 is shown. The pressure of the thing and processing room where sample 
offering gas added C4F8 to the argon 2 to 10% is 1Pa, The plasma consistency set the case of f= 2450MHz 
microwave ECR to 1, and has reference-valueHzed it In addition, the broken line shows the case where he 
has no magnetic field. 

[0072] In 50 MHz<=f<=200MHz, a plasma consistency does not have about single figure compared with the 
case of microwave ECR, and falls about double figures. Moreover, dissociation of gas also falls and 
unnecessary fluorine atom / molecule, and generating of ion also fall single or more figures. Three or more 
[ 5x1 01 0cm ~ ] processings of low-pressure and a high rate which the plasma with a high consistency is 
acquired moderately and are 0.4 to 4 Pa are attained as an absolute value of a plasma consistency the 
frequency of this VHF band, and by using cyclotron resonance. Furthermore, in order that dissociation of 
gas may not progress too much, either, a selection ratio with substrates, such as Si and SiN, is not greatly 
worsened to the insulator layer of Si02 grade. 

[0073] In 50 MHz<=f<=200MHz, although dissociation of gas progresses for a while compared with the 
13.56MHz conventional parallel plate electrode, the fluorine atom / molecule by this, and the slight 
increment in ion can install the matter which contains silicon and carbon in an electrode surface or a 
chamber wall surface, and can improve. Or further, by adding bias to this electrode surface and chamber 
wall surface, a fluorine can be combined with carbon or silicon and can be discharged, or hydrogen and a 
fluorine are combined using the gas containing hydrogen, and it can discharge and improve. 
[0074] If 200MHz or more of frequencies of an RF generator is set especially to 300MHz or more, a plasma 
consistency will become high, but since dissociation of gas becomes excessive, the increment in a fluorine 
atom / molecule, or ion becomes large too much and a selection ratio with substrates, such as Si and SiN, 
is worsened greatly, it is not desirable. 

[0075] An electron shows the energy gain k acquired from RF electric field to drawing 3 at the time of 
cyclotron resonance and no resonating. Energy which an electron obtains in 1 period of a RF at the time of 
a non-magnetic field is set to eO, and it is a cyclotron-resonance magnetic field. Energy which an electron 
obtains in 1 period of a RF when Bc=2pif- (m/e) is impressed When referred to as el, el and eO become 
like several 1. 
[0076] 
[Equation 1] 

e 0 = __IL f^L A 

2m \ &>2+ v 2/ 

e,= Q 2 E 2 P ( 1 , 1 

4m V vH(w-wc)' ^+(w + (uc) 2 




11 U El±«JH»j£ 

[0077] k is expressed with a degree type when these ratios (= e1/e0) are set to k. However, m:mass of 
electrons, electronic charge, f: Impression frequency K= (nu2+omega2) (1/2) {1/(nu2+(omega~omegac) 2)+ 
(1/(nu2+(omega+omegac) 2))} 

However, nu: Collision frequency omega[ omega:excitation angular frequency and ] c: The value of k 
becomes so large that a frequency is so high that gas pressure is low at general cyclotron angular 
frequency. Drawing 3 is the case of Ar (argon) gas, and is set to k>=150 by f>=50MHz in the pressure of P= 
1Pa, and dissociation is promoted under low gas pressure compared with the time of there being no 
magnetic field. The cyclotron^resonance effectiveness becomes small quickly on the frequency of about 
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20MHz or less in the pressure of P= 1Pa. On the frequency of 30MHz or less, there are few cases where 
he has no magnetic field, and differences, and the cyclotron-resonance effectiveness is small so that it 
may understand also in the property shown in drawing 2 . 

[0078] In addition, although the cyclotron-resonance effectiveness will increase if gas pressure is made 
low, in 1Pa or less, the electron temperature of the plasma increases and the opposite effect that 
dissociation progresses too much becomes large. In order to suppress too much dissociation of gas and to 
make a plasma consistency into about [ 5x1 01 0cm ~ / 3 or more ], 4Pa for about 1 to 4Pa is preferably 
good from 0.4Pa as a pressure of gas. 

[0079] In order to demonstrate the cyclotron-resonance effectiveness, it is necessary to make the value 
of k or more into dozens. In order to use the cyclotron-resonance effectiveness effectively, without 
advancing dissociation of gas too much so that clearly also from drawing 2 or drawing 3 , by the pressure 
of 0.4Pa thru/or 4Pa f as an RF generator for plasma production, gas pressure does not have 30 and needs 
to use preferably 300MHz of 50 thru/or 200MHz VHF. 

[0080] Drawing 4 shows variation deltaV of the ion acceleration voltage VDC by which induction is carried 
out to the sample when impressing 68MHz high-frequency power, and the induced voltage VDC in a sample 
while it grounds an up electrode by the conventional magnetron method chamber and gives the field B of a 
uniform longitudinal direction on a lower electrode. If the reinforcement of a magnetic field B is raised, the 
ion acceleration voltage VDC will become small according to the Lorentz force committed into an electron, 
and a plasma consistency will increase. However, in the case of the conventional magnetron discharge 
mold, since the reinforcement of a magnetic field B is as large as about 200 gauss, the homogeneity within 
the field of a plasma consistency gets worse, variation deltaV of induced voltage becomes large, and there 
is a fault in which the damage of a sample increases. 

[0081] In order to make deltaV into or less 1 / five to 1/10 from drawing 4 compared with the case of 200 
gauss of the conventional magnetron discharge mold, the reinforcement of a magnetic field B is [ from / 
when it loses a damage in near a sample side that the small value of 15 gauss or less costs 30 gauss or 
less preferably ] desirable. 

[0082] A cyclotron-resonance field is the middle of the up electrode 12 and the lower electrode 15 r and is 
formed in a mist and up electrode side from the mid-position of two electrodes. An axis of abscissa shows 
the distance from the sample side (lower electrode 15) to the up electrode 12, and, as for drawing 5 , the 
axis of ordinate shows the magnetic field. The examples of drawing 5 are conditions (impression frequency 
fl=100MHz, Bc=37.5G r and electrode spacing -50mm), and the ECR field is formed near 30mm from the 
sample side. 

[0083] Thus, in this invention, the part which serves as max of a magnetic field component parallel to the 
lower electrode 15 (sample installation side) between the up electrode 12 and the lower electrode 15 is set 
to an up electrode surface or upper part [ middle / of two electrodes ] electrode side. By this, magnetic 
field strength parallel to the sample in a lower electrode surface is preferably made into 15 gauss or less 30 
gauss or less, low RENTSUKA (ExB) which works into an electron near a lower electrode surface can be 
made into a small value, and generating of the heterogeneity within the field of the plasma consistency by 
the electronic drift condenser by low RENTSUKA in a lower electrode surface can be abolished. 
[0084] According to the magnetic field means forming 200 of the example of drawing 1 f as shown in 
drawing 6 , an ECR field is formed in the location of the almost same height from the lower electrode 15 
(sample installation side) except for near the center section of the sample. Therefore, uniform plasma 
treatment can be performed to the sample of the diameter of macrostomia. However, near the core of a 
sample, the ECR field is formed in the high location from the sample installation side. Since there is 
distance of 30mm or more between an ECR field and a sample base and ion and a radical trial are diffused 
and equalized between them, there is no problem in the usual plasma treatment However, in order to carry 
out plasma treatment of the whole surface of a sample to homogeneity, it is desirable to be formed so that 
an ECR field may continue all over a sample and the ECR field of the outside of the location of the same 
height or a sample may become close to a sample base side a little rather than the ECR field near a core 
from a sample side. This cure is stated to a detail later. 

[0085] As stated above, since dissociation of gas is advanced by the electron cyclotron resonance, using 
30 thru/or 300MHz high-frequency power as RF generator 16 for plasma generating, in the example of this 
invention shown in drawing 1 , the plasma to which the gas pressure in the processing room 10 was 
stabilized by even the bottom of low voltage of 0.4Pa thru/or 4Pa is acquired. Moreover, since the collision 
of the ion in the inside of a sheath decreases, on the occasion of processing of a sample 40, the directivity 
of ion can increase and perpendicular micro-processing nature can be raised. 

[0086] The perimeter of the processing room 10 makes min adhesion of the unnecessary deposit object to 
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the part outside the ring 37 for [ discharge ****** ] while aiming at improvement in ** and a plasma 
consistency to make the sample 40 neighborhood localize the plasma with the ring 37 for [ discharge 

**?£c?]c2fc!$c 

[0087] In addition, as a ring 37 for [ discharge ****** ] r semi-conductors and electric conduction material, 
such as carbon, silicon, or SiG, are used. If this ring 37 for [ discharge ****** ] j s connected to an RF 
generator and the spatter by ion is produced, while reducing depository adhesion to a ring 37, the removal 
effectiveness of a fluorine can also be given. 

[0088] In addition, since a fluorine can be removed when performing plasma treatment using the gas which 
contains a fluorine for the insulator layer of Si02 grade if the susceptor covering 39 containing carbon, 
silicon, or these is formed on the insulator 13 of the circumference of a sample 40, it is useful to 
improvement in a selection ratio. In this case, if thickness of the insulator 13 for the lower part of the 
susceptor covering 39 is made thin to 0.5mm - about 5mm so that a part of power of bias power supply 1 7 
may be impressed to the susceptor covering 39, the above-mentioned effectiveness will be promoted by 
the spatter effectiveness by ion. 

[0089] Moreover, on both sides of the electrostatic adsorption film 22 of a dielectric, an electrostatic 
adsorption circuit is formed through the lower electrode 15 (15A, 15B) and a sample 40 of the potential of 
DC power supply 23. In this condition, according to electrostatic force, a sample 40 is stopped by the lower 
electrode 15 and held. Heat-conduction gas, such as helium, nitrogen, and an argon, is supplied to the rear 
face of the sample 40 stopped according to electrostatic force. Although the crevice of the lower electrode 
15 is filled up with heat-conduction gas, the pressure is made into about thousands of pascals from 
hundreds of pascals. In addition, most electrostatic adsorption power is zero between the crevices in which 
the gap was prepared, and it can be considered that electrostatic adsorption power has occurred only in 
the heights of the lower electrode 15. However, since an electrical potential difference can be appropriately 
set as DC power supply 23 and the adsorption power which can bear the pressure of heat-conduction gas 
enough can be set up so that it may state later, a sample 40 moves by heat-conduction gas, or it is not 
flown. 

[0090] By the way, the electrostatic adsorption film 22 acts so that a bias operation of the pulse bias to 
the ion in the plasma may be reduced. It is not actualizing, although this operation is produced also by the 
conventional approach which is carrying out bias using the sinusoidal power source. However, on the pulse 
bias, since the description that ion ENEGI width of face is narrow falls victim, a problem becomes large. 
[0091] In this invention, in order to control the rise of the electrical potential difference generated among 
the both ends of the electrostatic adsorption film 22 with impression of pulse bias and to heighten the 
effectiveness of pulse bias, one description is to have established the electrical-potential-difference 
control means. 

[0092] It is good to constitute so that change (VCM) of the electrical potential difference in a round term 
of the bias voltage produced among the both ends of an electrostatic adsorption film with impression of 
pulse bias as an example of an electrical-potential-difference control means may become 1/2 or less [ of 
the magnitude (****) of pulse bias voltage ]. There is a method of increasing the electrostatic capacity of 
a dielectric by making thin thickness of the electrostatic adsorption film which specifically consists of a 
dielectric prepared in the front face of the lower electrode 15, or using a dielectric as an ingredient with a 
large dielectric constant. 

[0093] Or there is also the approach of shortening the period of pulse bias voltage and controlling the rise 
of an electrical potential difference VCM as other electrical-potential-difference control means, again. 
Furthermore, the method of separating into another location, for example, electrode with a sample another 
[ the electrode by which arrangement maintenance is carried out ] which counters, or the third electrode 
prepared independently, and preparing an electrostatic adsorption circuit and a pulse bias voltage 
impression circuit is also considered. 

[0094] Next, change (VCM) of an electrical potential difference and the relation of pulse bias voltage which 
are produced among the both ends of the electrostatic adsorption film in a pulse bias round term which 
should be brought about by the electrical-potential-difference control means in this invention are stated to 
a detail using drawing 7 - drawing 1 3 . 

[0095] First, the desirable example of an output wave used in the pulse bias power supply 17 of this 
invention is shown in drawing 7 . Inside of drawing, pulse amplitude: vp, Pulse period:T0 and forward 
direction pulse width:T1 It carries out. 

[0096] When the wave of drawing 7 (A) is impressed to a sample via a blocking capacitor and the dielectric 
layer for electrostatic adsorption (it is hereafter called an electrostatic adsorption film for short), the 
potential wave on the front face of a sample in the steady state rn the condition of having generated the 
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plasma according to another power source is shown in drawing 7 (B). 

however, wave-like dc-component electrical potential difference : floating potential [ of the VDC plasma ]: 
— maximum electrical-potential-difference [ in a round term of the electrical potential difference produced 
among the both ends of Vf electrostatic adsorption film ]: — it is referred to as VCM. 
[0097] The inside of drawing 7 (B), and Vf The becoming part (I) I [ used as a forward electrical potential 
difference ] Is a part which has mainly drawn only the electron current, and it is Vf. A negative part is the 
part which has drawn the ion current and Vf. A part is a part (Vf is usually severalV-about tenv) which an 
electron and ion hang and suit, 

[0098] In addition, in explanation of drawing 7 (A) and future, the capacity of a blocking capacitor and the 

capacity by the insulator of the sample surface neighborhood assume that it is sufficiently large compared 

with the capacity (it is called electrostatic adsorption capacity for short below) by the electrostatic 

adsorption film. The value of VCM is expressed with the following formula (several 2). 

[0099] 

[Equation 2] 

w _ q itxfyj 

v ™- — " U rEo /d}xK ® 2 

[0100] However, q: (T0-T1) The ion current consistency which flows into a sample at a period (average) 
c: Electrostatic adsorption capacity per unit area (average) 

ii : ion current consistency epsilonr : Specific inductive capacity d of an electrostatic adsorption film: 
Thickness of an electrostatic adsorption film epsilon 0 : Dielectric constant in a vacuum (constant) 
K: Electrode coverage of an electrostatic adsorption film «=1) 

To drawing 8 and drawing 9 , pulse duty ratio: (T1/T0) is TO, while it is fixed. The potential wave on the 
front face of a sample at the time of making it change and the probability distribution of ion energy are 
shown. However, it is referred to as T01 and T02:T03:T04:T05=1 6:8:4:2:1. 

[0101] As shown in (1) of drawing 8 , it is the pulse period TO. If too large, it separates from the potential 
wave on the front face of a sample greatly from a square wave, and it becomes a triangular wave, and as 
shown in drawing 9 , it becomes fixed distribution and is not desirable [ ion energy ] to the higher one from 
the lower one. 

[0102] As shown in (2) - (5) of drawing 8 , it is the pulse period TO. (VCM/vp) serves as a value smaller 
than 1, and ion energy distribution also becomes narrow as it is made small 

[0103] drawing 8 and drawing 9 — setting — T0=T01, and TO02, T03, T04 and T — 05= (VCM/vp) 1 T 0.63, 
0,31 , and 0. — 16 and 0.08 are supported. Next, the relation of the maximum electrical potential difference 
VCM in a round term of the electrical potential difference produced between the OFF (T0-T1) period of a 
pulse and the both ends of an electrostatic adsorption film is shown in drawing 10 . 

[0104] When the coat of about 50% of an electrode (K= 0,5) is carried out using a titanium oxide content 
alumina (epsilonr=10) with a thickness of 0.3mm as an electrostatic adsorption film, it is ion current 
consistency ii =5 mA/cm2. The thick wire (line of standard conditions) of drawing 1 0 shows the value 
change of VCM in the inside of the semi-gross density plasma. 

[0105] The electrical potential difference VCM produced among the both ends of an electrostatic 
adsorption film as the OFF (T0-T1) period of a pulse becomes large so that clearly from drawing 10 is the 
pulse voltage vp which serves as a big value in proportion to it, and is usually used. It will become above. 
[0106] For example, it sets to a plasma etching system and is usually by gate etching by selectivity with a 
damage, a substrate, or a mask, a configuration, etc. By 20volt <= vp <=100volt metal etching By 50volt <= 
vp <=200volt oxide film etching It is restricted to 250volt <= vp <™1000volt. 

[0107] When it is going to fulfill the below-mentioned conditions of <=(VCM/vp) 0.5, in reference condition, 
the upper limit of (T0-T1) is as follows. 

By gate etching (T0-T1) By <-0.15-microsecond metal etching (T0-T1) By <=0.35-microsecond oxide film 
etching (T0-T1) TO is 0.1 microseconds at <=1.2microsecond and time. If it becomes near, since the 
impedance of an ion sheath will approach the impedance of the plasma or will become less than [ it ], while 
producing generating of the unnecessary plasma, bias power supply is no longer used effective in 
acceleration of ion. For this reason, since the controllability of the ion energy by bias power supply gets 
worse, TO has 0.2 preferably good microseconds or more 0.1 microseconds or more. 

[0108] Therefore, vp In the gate etcher pressed down low, withstand voltage is not reduced, and it is thin, 
for example, it necessary for specific inductive capacity to change the ingredient of an electrostatic 
adsorption film into 10-100, and a high thing (for it to be epsilonr =25 at Ta 203), or to set desirably 10 
micrometers - 400 micrometers of thickness to 10 micrometers - 100 micrometers, 
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[0109] In drawing 10 f the value of VCM at the time of making the electrostatic capacity c per unit area 
increase by 2.5 times, 5 times, and 10 times, respectively was also written together. Even if it improves an 
electrostatic adsorption film, if the improvement which increases electrostatic capacity c several times is 
regarded as a limit and sets to VCM<=300 volt and c<=10c0 l 0.1 microsecond<=(T0~T1) <=10microsecond 
will come in the present condition. A part effective in plasma treatment is a part of (T0-T1) by acceleration 
of ion, and the smaller possible one as pulse duty (T1/T0) is desirable. 

[0110] It is drawing 1 1 which was estimated by (VDC/vp) as effectiveness of plasma treatment which also 

considered the time average. It is desirable to make (T1/T0) small, and to enlarge (VDC/vp). 

[01 11] If 0.5 <= (VDC/vp) is assumed as effectiveness of plasma treatment and the below-mentioned 

conditions and <=(VCM/vp) 0.5 are put in, pulse DEYUDI will become about <=(T1/T0) 0.4. 

[01 12] In addition, although pulse DEYUDI (T1/T0) is so effective in control of ion energy that it is small, if 

it is made small beyond the need, pulse width T1 will serve as a small value which is about 0.05 

microseconds, and separation with a high frequency component for plasma generating which comes to 

contain many dozens of MHz frequency components, and mentions them later also becomes difficult. As 

shown in drawing 1 1 , the falls of (VDC/vp) between 0 <=(T1/T0) <=0.05 are few, and especially a problem 

is not produced or more in 0.05 as (T1/T0). 

[0113] Here shows the ion energy dependency of the etching rates ESi and ESi02 of the silicon when 
plasma-izing chlorine gas 1.3Pa, and the oxide film of a substrate as an example of gate etching to drawing 
12 . The etching rate ESi of silicon becomes constant value in low ion energy. Ion energy also increases 
ESi according to the increment in ion energy beyond about 10V. Ion energy is 0 or less about 20V, and if 
about 20V is exceeded, ESi02 will increase the etching rate ESi02 of the oxide film which serves as a 
substrate on the other hand with ion energy. 

[0114] Consequently, the field where selection-ratio ESi/ESi02 with a substrate becomes [ ion energy ] 
infinity or less about 20V exists. As for selection-ratio ESi/ESi02 with a substrate, ion energy falls quickly 
with the increment in ion energy beyond about 20V. 

[01 15] ethyne great of an oxide film and silicon when drawing 13 plasma-izes C4F8 gas 1.0Pa as an 
example of etching of the oxide films (Si02, BPSG, HISO, etc.) which are kinds of an insulator layer — ion 
energy distribution of ESi02 and ESi is shown. 

[0116] In low ion energy, the etching rate ESi02 of an oxide film serves as a negative value, and produces 
a depository. In the 400V neighborhood, ESi02 just starts quickly and ion energy increases gradually after 
that. The etching rate ESi of the silicon which serves as a substrate on the other hand serves as (+) and 
(etching) from (-) and (etching), and increases from ESi02 gradually in the high place of ion energy. 
[0117] Consequently, the selection ratios ESi02/ESi with a substrate in the neighborhood which changes 
from (-) to (+) infinity It becomes and ESiC2/ESi falls quickly with the increment in ion energy more than 
by it. [ ESi02 ] 

[01 18] To application in an actual process, in consideration of ESi, the value of ESi02, ESi/ESi02, and the 
magnitude of the value of ESi02/ESi, bias power supply is adjusted and ion energy is made into a proper 
value by drawing 12 and drawing 13 , 

[01 19] Moreover, just etching (etching until the substrate film appears) gives priority to the magnitude of 
an etching rate, and just, if after dirty gives priority to the magnitude of a selection ratio and ion energy is 
just changed into dirty order, a still better property will be acquired. 

[0120] By the way, the property shown in drawing 12 and drawing 13 is a property when the energy 
distribution of ion is limited to a narrow part. Since each etching rate when the energy distribution of ion is 
large serves as the time average value, it will not be able to be set as an optimum value but a selection 
ratio will fall sharply. 

[0121] According to the experiment, when (VDC/vp) was or [ess 0.3 extent, the breadth of ion energy 
became about **15% or less, and 30 or more high selection ratios were obtained also in the property of 
drawing 12 or drawing 13 . Moreover, when it was <=(VDC/vp) 0.5, the improvement of a selection ratio 
etc. was able to be aimed at compared with the conventional sinusoidal bias method. 
[0122] thus, as an electrical-potential-difference control means to suppress the electrical-potential- 
difference change (VCM) during a round term of the pulse voltage produced among the both ends of an 
electrostatic adsorption film That VCM constitutes so that it may become 1/2 or less [ of the magnitude 
vp of pulse bias voltage ] often and specifically The capacity of a dielectric can be increased by making 
thin thickness of the electrostatic chuck film 22 of the dielectric prepared in the front face of the lower 
electrode 15, or using a dielectric as an ingredient with a large dielectric constant. Or the period of pulse 
bias voltage is made it is desirable and as short as 0.2 microseconds - 5 microseconds (repeat frequency: 
correspond to 0.2MHz - 5MHz) for 0.1 microseconds to 10 microseconds, and electrical-potential- 
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difference change of the both ends of an electrostatic adsorption film is controlled for pulse DEYUDI 
(T1/T0) as 0.05 «T1/T0) <==0A 

[0123] Or you may make it fulfill the conditions of <=(VCM/vp) 0.5 which change of the electrical potential 
difference VCM produced among the both ends of an electrostatic adsorption film described above again 
combining some of thickness of the electrostatic adsorption film of the above-mentioned dielectric, 
specific inductive capacity of a dielectric, and periods of pulse bias voltage. 

[0124] Next, the example which used the vacuum processing room of drawing 1 for etching of insulator 
layers (for example, Si02, SiN, BPSG, etc.) is described. 

[0125] As gas, the thing of a presentation of CO:10 - 20%, is used C4F8:1-5%, Ar:90-95%, 02:0-5% or 
C4F8:1-5% r Ar:70-90%, and 02:0-5%. As RF generator 16 for plasma generating, stabilization of discharge in 
a 1-3Pa low-gas-pressure field is measured using a frequency higher than before, for example, a 40MHz 
thing. 

[0126] In addition, when dissociation beyond the need advances by RFHzation of RF generator 16 for the 
sources of the plasma, the output of RF generator 16 is turned on and off or level modulation controlled by 
the source 161 of an RF generator modulating signal. At the time of a high level, generation of ion prospers 
compared with generation of a radical, and when it is a low, generation of a radical prospers compared with 
generation of ion. As ON (or high level at time of level modulation) time amount, 20 microseconds - about 
150 microseconds of periods are used for 10 to 100 microseconds about 5 to 50 microseconds as off time 
amount (or low at the time of a level modulation). While this prevents unnecessary dissociation, a desired 
ion-radical ratio can be obtained. 

[0127] Moreover, the modulation period of the RF generator for the sources of the plasma usually becomes 
long compared with the period of pulse bias. Then, the improvement of a selection ratio was completed by 
making the modulation period of the RF generator for the sources of the plasma into the integral multiple 
of the period of pulse bias, and optimizing the phase between two. 

[0128] On the other hand, impression of pulse bias voltage performs the ion in the plasma, and ion energy 
is controlled acceleration and by making it put perpendicular ON in a sample. As pulse bias power supply 
1 7, by using the power source of pulse amplitude:****=800V pulse period:T=0.65microsecond and pulse 
width:T1=0.15microsecond ( the distribution width of face of ion energy became **15% or [ess, and the 
plasma treatment with the sufficient property of 20-50 as Si of a substrate or a selection ratio with SiN 
became possible. 

[0129] Next, the plasma etching system of 2 electrode molds which become other examples of this 
invention by drawing 14 is explained. Although this example is the same configuration, it differs from having 
been shown in drawing 1 in that the lower electrode 15 holding a sample 40 has composition equipped with 
the electrostatic chuck 20 of a unipolar system. The dielectric layer 22 for electrostatic adsorption is 
formed in the upper front face of the lower electrode 15 T and the plus side of DC power supply 23 is 
connected to the lower electrode 15 through the coil 24 for a high frequency component cut. Moreover, 
the pulse bias power supply 17 which supplies the forward pulse bias of 20V-1000V is connected through 
the blocking capacitor 19. 

[0130] While installing the rings 37A and 37B for [ discharge ****** ] j n the perimeter of the processing 
room 10 and aiming at improvement in a plasma consistency, adhesion of the unnecessary deposit object 
to the part besides ring 37for [ discharge ****** ] A and 37B is made into min. In the rings 37A and 37B of 
drawing 14 for [ discharge ****** ], the diameter of the soil hand part of ring 37A for [ discharge ****** ] 
by the side of a lower electrode is made smaller than the diameter of the soil hand part of ring 37B for 
[ discharge ****** ] by the side of an up electrode, and makes distribution of the resultant in the sample 
circumference uniform. 

[0131] In addition, semi-conductors and conductors, such as carbon, silicon, or SiC, are used for the side 
which faces a processing room side at least as an ingredient of the rings 37A and 37B for [ discharge 
****** ], Moreover, 100KH3.56MHz bias-power-suppiy 17A for discharge ****** rings is connected to 
lower electrode side ring 37A through capacitor 19A, it constitutes like, and while reducing depository 
adhesion to the rings 37A and 37B by the spatter effectiveness of ion for which a part of power of the high 
periphery power source 16 is impressed to up electrode side ring 37B, the removal effectiveness of a 
fluorine is also given. 

[0132] In addition, 13A and 13C of drawing 14 are an insulator which consists of aluminas etc., and 13B is 
an insulator which has conductivity, such as SiC, glassy carbon, and Si. 

[0133] when the conductivity of Rings 37A and 37B is low, conductors, such as a metal, are built in in ring 
37A and 37B — making — the front face of a ring, and internal organs — by narrowing distance of a 
conductor, high-frequency power can carry out that it is easy to emanate from the front face of Rings 37A 
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and 37B, and can heighten the spatter effectiveness. 

[0134] As for the up electrode covering 30, only the circumference is usually fixed to the up electrode 12 
with a bolt 250. Gas is supplied to the up electrode covering 30 through the gas induction room 34, the 
gaseous diffusion plate 32, and the up electrode 12 from the gas supply section 36, In order that the hole 
prepared in the up electrode covering 30 may make abnormality discharge in a hole hard to generate, it is 
the pore of the diameter of 0.3-1 mm, and the gas pressure of the up electrode covering 30 upper part 
becomes several [ of one atmospheric pressure / 1/] to about 1/10. For example, the force about 100kg or 
more is added as a whole to the up electrode covering 30 of the diameter of 300mm. For this reason, the 
up electrode covering 30 becomes convex to the up electrode 12, and produces a clearance hundreds of 
microns or more near a center section. 

[0135] In this case, if about 30MHz or more of frequencies of the source 16 of high frequency becomes 
high, the phenomenon in which it becomes impossible to disregard longitudinal direction resistance of the 
up electrode covering 30, and the plasma consistency near a center section falls especially will come out. 
What is necessary is just to fix the up electrode covering 30 to the up electrode 12 by main approach 
other than the circumference, in order to improve this. In the example of drawing 14 f with the bolt 251 of 
insulators, such as semi-conductors, such as SiC and carbon, or an alumina, several places of the main 
approach of the up electrode covering 30 are fixed to the up etectrode 12, and distribution of the RF 
impressed from the up electrode 12 side is made uniform. 

[0136] In addition, the approach of the up electrode covering 30 which fixes a main approach part to the up 
electrode 12 at least is not limited to the above-mentioned bolt 251 at all, is the whole surface about the 
up electrode covering 30 and the up electrode 12 by the matter with an adhesion operation, or may be 
pasted up in the part of main approach at least. 

[0137] In the example of drawing 1 4 , the sample 40 which is the object of processing is laid on the lower 
electrode 15, and is adsorbed according to the Coulomb force produced among the both ends of the 
electrostatic adsorption film 22 with the positive charge by the electrostatic chuck 20 23, i.e., DC power 
supply, and the negative charge supplied from the plasma. 

[0138] An operation of this equipment evacuates the pressure of the processing room 10 to the processing 
pressure force of a sample, and 0.5-4.0Pa by carrying out evacuation with the another side vacuum pump 
18, laying the sample 40 which should process in the sample base 15, holding by electrostatic force, and 
introducing [ are the same as that of the plasma etching system of 2 electrode molds shown in drawing 
1 , ] raw gas into the processing room 10 by the predetermined flow rate from a gas supply system 36, 
when performing etching processing. Next, RF generator 16 is set to ON, between two electrodes 12 and 
15, the high-frequency voltage of 30MHz - 100MHz is impressed preferably, and 20MHz - 500MHz of 
plasma is generated. On the other hand, 20V-1000V, and a period impress the forward pulse bias voltage 
for 0.2 microseconds - 5 microseconds to the lower electrode 15 preferably for 0.1 microseconds to 10 
microseconds from the pulse bias power supply 17, the plasma in the processing room 10 is controlled, and 
etching processing is performed in a sample 40. 

[0139] impression of such pulse bias voltage — the ion in the plasma, or ion — and — and highly precise 
configuration control or selection-ratio control is performed for an electron in a sample acceleration and by 
making it put perpendicular ON. The property required for the pulse bias power supply 17 and the 
electrostatic adsorption film 22 is the same as that of the example of drawing 1 , and is omitted for details. 
[0140] Next, drawing 15 thru/or drawing 17 explain other examples of this invention. Although this example 
is the same configuration as the plasma etching system of 2 electrode molds shown in drawing 1 , the 
configurations of the magnetic field means forming 200 differ. Eccentricity of the core 201 of the magnetic 
field means forming 200 is carried out, and it is constituted so that it may drive by the motor 204 centering 
on the shaft equivalent to the center position of a sample 40 and may rotate at the rate of the number of 
per minute thru/or dozens rotations. In addition, the core 201 is grounded. In order to carry out plasma 
treatment of the whole surface of a sample with high precision, compared with near the center section of 
the sample, it is good to enlarge the electronic cyclotron-resonance effectiveness on a periphery or its 
outside compared with a center so that generation of the periphery of a sample or the plasma near [ the ] 
an outside may increase. However, in the case of the example of drawing 1 , as shown in drawing 6 , near 
the core of a sample, there is no ECR field and the case where a plasma consistency becomes low too 
much near a core comes out. 

[0141] In the example of drawing 1 5 , when the core 201 the magnetic field means forming 200 carried out 
[ the core ] eccentricity rotates, distribution of a magnetic field changes, and near the core of a sample, an 
ECR field is formed in a low location from a sample side, and is formed in a location high from a sample side 
at time-of-day t=1/2T0 by time of day t= 0 and t=T0. As a result of a core's 201 rotating at the rate of the 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_eije 



2006/12/19 



JP.1 0-261 498A [DETAILED DESCRIPTION] 



16/22 ^— v 



number of per minute thru/or dozens rotations, as shown in drawing 17 , the average of the magnetic field 
strength of a direction parallel to the sample side in the pars intermedia of two electrodes turns into the 
almost same value by time average-ization by rotation. That is, an ECR field is formed in the location of 
the almost same height from a sample side except for the periphery of a sample. 

[0142] In addition, as the alternate long and short dash line showed in the core 201 section of drawing 15 , 
the core which constitutes the magnetic circuit of the side near the core of the center section which 
carried out eccentricity is thin in the thickness, and if the core which constitutes the magnetic circuit of a 
far side thickens the thickness, the homogeneity of magnetic field strength will improve further. 
[0143] Next drawing 1 8 thru/or drawing 19 explain other examples of this invention. Although this example 
is the same configuration as the plasma etching system of 2 electrode molds shown in drawing 15 , the 
configurations of the magnetic field means forming 200 differ. The core 201 of the magnetic field means 
forming 200 has concave edge 201 A in the location corresponding to the center of a processing room, and 
has edge 201 B besides the side location of a processing room. According to an operation of concave edge 
201 A, magnetic flux B has the inclined direction component. Consequently, distribution of a magnetic field 
changes, and as shown in drawing 19 , compared with the case where the magnetic field strength of a 
component parallel to a sample side is the example of drawing 1 , it is equalized more. 
[0144] Next, drawing 20 explains other examples of this invention, Although this example is the same 
configuration as the plasma etching system of 2 electrode molds shown in drawing 15 , the configurations 
of the magnetic field means forming 200 differ. The core 201 of the magnetic field means forming 200 is 
fixed, and constitutes a magnetic circuit with the core 205 arranged in the location corresponding to the 
center of a processing room. A core 205 rotates the surroundings of the shaft which passes along the core 
of edge 201 A with an insulator 203. Of such a configuration, the average location of the ECR field in near 
the core of a sample is formed in the almost same location from a sample side like the example of drawing 
15 . That is, an ECR field continues all over a sample and is formed in the location of the almost same 
height from a sample side. 

[0145] Next, the plasma etching system of 2 electrode molds which become other examples of this 
invention by drawing 21 thru/or drawing 22 is explained. The magnetic field means forming 200 equips the 
perimeter of the processing room 10 with two pairs of coils 210,220, and by changing the sense of the field 
which can be put on the coil of each set one by one like arrow heads 1, 2, 3, and 4, it consists of this 
example so that rotating magnetic field may be formed. Center position O-O of a coil 210,220 is located in 
the upper part [ middle / of two electrodes 12 and 15 ] electrode 12 side. 30 gauss or less, this constitutes 
the magnetic field strength on a sample 40 so that it may become 15 gauss or less preferably. By selecting 
the location of a coil 210,220, and an outer diameter suitably, the intensity distribution of a magnetic field 
can be adjusted so that generation of the periphery of a sample or the plasma near [ the ] an outside may 
increase more. 

[0146] Next, drawing 23 and drawing 24 explain the plasma etching system of 2 electrode molds which 
become other examples of this invention. In this example, it has coil 210' of the pair arranged in the shape 
of radii in a horizontal plane along the perimeter of the circular processing room 10 as magnetic field means 
forming 200, The current which flows to coil 210' of this pair is controlled, and as an arrow head (1) and (2) 
showed, the polarity of a magnetic field is changed to drawing 23 for every fixed period. 
[0147] As a broken line shows to drawing 24 , since magnetic flux B spreads in a processing room core in a 
vertical plane, the magnetic field strength of a processing room core falls. However, since coil 210' of a pair 
is curved along a processing room, in a horizontal plane, magnetic flux B gathers in a processing room core. 
Therefore, the magnetic field strength of a processing room core can be raised compared with the example 
of drawing 22 . That is, in the example of drawing 23 , compared with the example of drawing 22 , the fall of 
the magnetic field strength in a processing room core can be controlled, and the homogeneity of the 
magnetic field strength in the sample installation side of a sample base can be raised. 
[0148] Moreover, the drift condenser of ExB is lessened by changing the polarity of a magnetic field for 
every fixed period. 

[0149] In addition, two pairs of the same coils as the example of drawing 22 may be adopted as magnetic 
field means forming 200. 

[0150] moreover — a magnetic field — means forming — 200 — ****** — circular — a coil — 210 — ' - 
- replacing with — drawing 25 — being shown — as — being circular — processing — a room — ten — a 
perimeter — meeting — arranging — having had — plurality — a straight line — a coil — a part — 
combination — becoming — a convex — type — a coil — 210 — 1 — ****** — being good . Also in this 
case, in a horizontal plane, magnetic flux B comes to gather in a processing room core, and the same 
effectiveness as the example of drawing 23 is acquired. 
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[0151] Furthermore, like the example of drawing 26 , the medial axis of one pair of coils is made to incline 
in a vertical plane, and may be arranged so that a sample side may be approached in a processing room 
core. Since according to this example the magnetic field strength of a processing room core can be raised 
and the magnetic field strength of a processing room periphery can be lowered, the homogeneity of the 
magnetic field strength in the sample installation side of a sample base can be raised. In addition, for 
equalization of magnetic field strength, it is good to make theta into the range of 5 times thru/or 25 
degrees whenever [ tilt-angle / of the medial axis of a coil ]. 

[0152] Moreover, as shown in drawing 27 , by installing coil 21 OB and controlling the current of 2 sets of 
coils near the coil 21 OA of a pair, with an ECR resonance location, the inclination of the magnetic field near 
an ECR resonance location can be changed, and the width of face of an ECR resonance region can also be 
changed. By optimizing the width of face of an ECR resonance region for every process, it becomes 
possible to obtain the ion / radical ratio suitable for each process. 

[0153] In addition, the homogeneity of magnetic-field-strength distribution and the control characteristic 
can be further raised by combining suitably the example of drawing 23 thru/or drawing 27 described above 
if needed. 

[0154] Next, the plasma etching system of 2 electrode molds which become other examples of this 
invention by drawing 28 thru/or drawing 29 is explained. In this example, while a part of processing interior 
wall consists of conductors, it is grounded. On the other hand, the magnetic field means forming 200 equips 
the perimeter and the upper part of the processing room 10 with the coil 230,240. As an arrow head shows, 
the sense of the magnetic flux B formed with a coil 230 and the sense of magnetic-flux B r formed with a 
coil 230 consist of denial **** and circumference ****** of the processing room 10 mutually in the core 
of the processing room 10 so that it may superimpose mutually. Consequently, the intensity distribution of 
the magnetic field on a sample side become like drawing 29 . And in a part for the installation surface part 
of a sample 40, the sense of the electric-field component between the up electrode 12 and the lower 
electrode 15 and the sense of a field component are parallel. On the other hand, in the lateral part of the 
installation side of a sample 40, it is the periphery of the up electrode 12, or the part of the up electrode 
12 and a processing interior wall, and the field component of the lengthwise direction which intersects 
perpendicularly with a lateral electric-field component arises. 

[0155] therefore, the example of drawing 28 — getting twisted — the cyclotron-resonance effectiveness 
of the electron in near the core of a sample can be lowered, and generation of the periphery of a sample or 
the plasma near [ the ] an outside can be raised. Thus, plasma density distribution can be equalized by 
raising more generation of the periphery of a sample, or the plasma near [ the ] an outside. 
[0156] Next, drawing 30 explains other examples of this invention, this example impresses the high 
frequency f3 about 1MHz or [ess to the up electrode 12 as bias from the low frequency power source 163, 
when ion energy sufficient in the high-frequency power f1 impressed to the up electrode 12 is not obtained 
from RF generator 16 in the plasma etching system of 2 electrode molds shown in drawing 1 — ion energy 
— 100-200 — it is made to increase about by V In addition, 164,165 is a filter. 

[0157] Next, drawing 31 explains the example of this invention in the plasma etching system of 2 electrode 
molds of a non-magnetic field mold. 

[0158] As stated above, in order to raise the micro-processing nature of a sample, it is good to measure 
stabilization of discharge in a low-gas-pressure field using the thing of the higher frequency as RF 
generator 16 for plasma generating. In the example of this invention, the processing pressure force of the 
sample in the processing room 10 is set to 0.5-4.0Pa. Since the collision of the ion in the inside of a sheath 
decreased by making gas pressure in the processing room 10 into the low voltage of 40 or less mTorrs, on 
the occasion of processing of a sample 40, the directivity of ion increased and perpendicular micro 
processing became possible. In addition, in 5 or less mTorrs, in order to obtain the same processing speed, 
while an exhauster and an RF generator are enlarged, dissociation beyond the need of being based on the 
rise of electron temperature arises, and there is an inclination for a property to deteriorate. 
[0159] Generally, the relation between the frequency of the power source for plasma generating using two 
electrodes of a pair and the minimum gas pressure with which discharge is given to a stabilization target 
that the stable discharge minimum gas pressure falls is, so that the frequency of a power source becomes 
high and inter-electrode distance becomes large, as shown in drawing 32 . In order to operate effectively 
the effectiveness of avoiding bad influences, such as a surrounding wall and a depository to the discharge 
confinement ring 37, and removing the fluorine and oxygen by the up electrode covering 30, the susceptor 
covering 39, the resist in a sample, etc., it is desirable to set inter-electrode distance to about 50mm or 
less corresponding to 25 or less times of the average free process at the time of highest gas pressure 
40mTorr. Moreover, as an inter-electrode distance, if it is not more than two to 4 time (4mm - 8mm) 
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extent of the average free process at the time of the highest gas pressure (40mTorr), stable discharge witl 
become difficult. 

[0160] In the example shown in drawing 31 , in order to use 30MHz - 200MHz high-frequency power 
desirably, even if it makes 20MHz - 500MHz of gas pressure of the processing interior of a room into the 
low voltage of 0.5~4.0Pa as RF generator 16 for plasma generating, the stable plasma is acquired and 
micro-processing nature can be raised. Moreover, by using such highHrequency power, dissociation of the 
gas plasma becomes good and the selection-ratio control at the time of sample processing becomes good. 
[0161] In the example of this invention described above, possibility that interference will arise between the 
output of pulse bias power supply and the output of the power source for plasma generating is also 
considered. Then, this cure is described hereafter. 

[0162] First pulse~width:T1 , a pulse period: In the ideal rectangular pulse which has the standup / falling 
rate of infinity by T0 T as shown in drawing 33 , f<=3f of about 70 - 80% of power is contained in the 
frequency range of 0 (f0= (1/T1)). Since the wave actually impressed starts and becomes limited 
[ a /falling rate ], the convergency of power improves further and f<»3f of about 90% or more of power can 
be contained in the frequency range of 0. 

[0163] 3f0 It is 0 f<=3f to 3f0 which prepares a counterelectrode almost parallel to a sample and can be 
found in the~three number of degree types in order for pulse bias with a high frequency component to be 
made to be impressed in a sample side by homogeneity. It is desirable to ground the frequency component 
of the range. 
[0164] 
[Equation 3] 

T 1= 0.2 fitstTZE 3f 0 = 3 * ~ -1 5MHz 
T^.l/ofct^t 3f 0 =30MHz S3 

[0165] The example shown in drawing 31 is coping with interference with the above-mentioned pulse bias- 
power-suppiy output and the power outlet for plasma generating. That is, in this plasma etching system, RF 
generator 16 for plasma generating is connected to a sample 40 and the up electrode 12 which counters. In 
order to make the section electrode 12 into the touch-down level of pulse bias besides, it is the frequency 
fl of RF generator 16 for plasma generating. Above 3f0 It enlarges and is f==f1. The impedance in the 
neighborhood is large and the band eliminator 141 with a low impedance is connected between the up 
electrode 12 and touch-down level on other frequencies. 

[0166] On the other hand, it is f=f1. The impedance in the neighborhood is low and other frequencies install 
the band pass filter 142 with a high impedance between the sample base 15 and touch-down level. If such 
a configuration is used, interference between the output of the pulse bias power supply 17 and power- 
source 16 output for plasma generating can be suppressed on satisfactory level, and good bias can be 
added to a sample 40. 

[0167] Drawing 34 is the example which is an inductive-coupling mold discharge method among external 
energy supply discharge methods, and applied this invention to the non-magnetic field type plasma etching 
system. It is the RF generator to which 52 impresses a flat-surface coil to a flat-surface coil, and 54 
impresses the high-frequency voltage of 10MHz - 250MHz. Compared with the method having shown the 
inductive-coupling mold discharge method in drawing 10 , it is a low frequency and low voltage and stable 
plasma generating are attained. On the contrary, since dissociation becomes easy to progress, as drawing 1 
showed, the output of RF generator 1 can be modulated by the source 161 of an RF generator modulating 
signal, and unnecessary dissociation can be prevented. The processing room 10 as a vacuum housing is 
equipped with the sample base 15 where a sample 40 is laid on the electrostatic adsorption film 22. 
[0168] When performing etching processing, the pressure of the processing room 10 is evacuated to 0.5- 
4.0Pa by carrying out evacuation with an another side vacuum pump, laying the sample 40 which should 
process in the sample base 15, holding by electrostatic force, and introducing raw gas into the processing 
room 10 by the predetermined flow rate from a gas supply system (not shown). Next, the high-frequency 
voltage of 13.56MHz is applied to RF generator 54, and the processing room 10 is made to generate the 
plasma. Etching processing of the sample 40 is carried out using this plasma. On the other hand, at the 
time of etching, a period impresses the pulse bias voltage for 0.2 microseconds - 5 microseconds to the 
lower electrode 15 preferably for 0.1 microseconds to 10 microseconds. It is as the amplitude of pulse bias 
voltage having stated that the range changes with membrane types in the example of drawing 1 . 
Impression of this pulse bias voltage performs the ion in the plasma, and highly precise configuration 



http://www4jpdl.ncipi.gojp/cgi-bin/tran_web_cgLejje 



2006/12/19 



JPJ0-261498A [DETAILED DESCRIPTION] 



19/22 ^— 



control or selection-ratio control is performed in a sample acceleration and by making it put perpendicular 
ON. Thereby, even if the resist mask pattern of a sample is very detailed, highly precise etching processing 
can be performed. 

[0169] Moreover, as shown in drawing 35 , in an inductive-coupling mold discharge method non-magnetic 
field type plasma etching system, the Faraday shield plate 53 which has a clearance in the processing room 
10 side of an induction ******** output and the 0.5mm - 5mm thin electric insulating plate 54 for 
shielding plate protection may be installed, and the Faraday shield plate may be grounded. While decreasing 
the capacity component between a coil and the plasma, being able to fall the energy of ion which strikes 
the quartz plate under the coil 52 in drawing 34 , and the electric insulating plate 54 for shielding plate 
protection and lessening damage on a quartz plate or an electric insulating plate by installation of the 
Faraday shield plate 53, mixing of the foreign matter to the inside of the plasma can be prevented. 
[0170] Moreover, since the Faraday shield plate 53 serves also as the duty of the earth electrode of the 
pulse bias power supply 17, it can impress pulse bias to homogeneity between a sample 40 and the Faraday 
shield plate 53. In this case, the filter installed in an up electrode or the sample base 15 is unnecessary. 
[0171] Drawing 36 is the front view which carried out the longitudinal section of some equipments which 
applied this invention to microwave plasma treatment equipment. The pulse bias power supply 17 and DC 
power supply 13 are connected to the lower electrode 15 as a sample base 15 where a sample 40 is laid on 
the electrostatic adsorption film 22. 41 is a magnetron as a source of an oscillation of microwave, 42 is the 
waveguide of microwave, and 43 is a quartz plate for carrying out the vacuum lock of the processing room 
10, and supplying microwave to the processing room 10. The first solenoid coil with which 47 supplies a 
magnetic field, and 48 are the second solenoid coil which supplies a magnetic field. 49 is a raw gas supply 
system and supplies the raw gas which processes etching, membrane formation, etc. in the processing 
room 10. Moreover, evacuation of the processing room 10 is carried out by the vacuum pump (not shown). 
The property required for the pulse bias power supply 17 and the electrostatic chuck 20 is the same as 
that of the example of drawing 1 t and is omitted for details. 

[0172] When performing etching processing, the pressure of the processing room 10 is evacuated to 0.5- 
4.0Pa by carrying out evacuation with an another side vacuum pump, laying the sample 40 which should 
process in the sample base 15, holding by electrostatic force, and introducing raw gas into the processing 
room 10 by the predetermined flow rate from a gas supply system 49, Next, the second solenoid coil 47 
and 48 is set to ON, and the processing room 10 is made to generate ******** and the plasma for the 
microwave generated in the magnetron 41 from a waveguide 42 a magnetron 41 and for a start. Etching 
processing is performed in a sample 40 using this plasma. On the other hand, at the time of etching, a 
period impresses the pulse bias voltage for 0.2 microseconds - 5 microseconds to the lower electrode 15 
preferably for 0.1 microseconds to 10 microseconds. 

[0173] Highly precise configuration control or selection-ratio control is performed by accelerating in a 
sample and carrying out incidence of the ion in the plasma perpendicularly by impression of such pulse bias 
voltage. Thereby, even if the resist mask pattern of a sample is very detailed, vertical incidence can 
perform highly precise etching processing corresponding to a mask pattern, 

[0174] In addition, in the plasma etching system of this invention shown below in drawing 1 , the direct 
current voltage of an electrostatic adsorption circuit and the pulse voltage of a pulse bias-power-supply 
circuit can be superimposed and generated, and a circuit can also be constituted in common. Moreover, it 
separates into another electrode, an electrostatic adsorption circuit and a pulse bias-power-supply circuit 
are prepared, and pulse bias can be prevented from affecting electrostatic adsorption. 

[0175] It can replace with the electrostatic adsorption circuit in the example of the plasma etching system 
shown in drawing 1 , and can also use, other adsorption means, for example, vacuum adsorption means. 
[0176] Plasma treatment equipment equipped with the electrostatic adsorption circuit of this invention and 
pulse bias voltage impression circuit which were described above is applicable not only to the etching 
processing described above but plasma treatment equipments, such as a CVD system, by replacing with 
etching gas and adding modification of introducing CVD gas, 

[0177] Next, the conventional fault is improved, ion, the amount of radical formation, and quality are 
controlled by other examples of this invention shown in drawing 37 , and other examples of the plasma 
etching system which makes very detailed plasma treatment possible are described. 

[0178] That is, the location which performs the first plasma production is set as a location different from a 
vacuum processing room by the upstream of a vacuum processing room which is installing the sample, the 
metastable atom generated there is poured into a vacuum processing room, and it is considering as the 
configuration which generates the second plasma at a vacuum processing room. In addition to the plasma 
etching system shown in drawing 1 , it has the gas supply section 60 for the sources of an ion radical, and 
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the plasma generating room 62 for metastable atom generating. Moreover, the introductory root connected 
to the gas supply section for the sources of an ion radical other than the root which introduces the gas 
containing a metastable atom into a vacuum processing room is established in the up electrode 12. 
[0179] The description of this example is as follows. 

** High-frequency power is impressed, plasma-ize the gas supplied from the gas supply section 36 for 
metastable atom generating at the plasma generating room 62 for metastable atom generating, carry out 
the amount generating of requests of the desired metastable atom beforehand, and make it flow into the 
processing room 10. The plasma generating room 62 for metastable atom generating sets an indoor 
pressure as the high pressure of hundreds mTorr(s) - dozens Torr(s) in order to generate a metastable 
atom efficiently. 

[0180] ** Make the gas from the gas supply section 60 for another side and the sources of an ion radical 
flow into the processing room 10. 

[0181] ** Output the RF of comparatively the low power in the power source 16 for plasma generating, and 
make the processing room 10 generate the plasma. By impregnation of a metastable atom, since the 
electron of low energy about 5eV or less can also make ion generate efficiently, it is low electron 
temperature (about 6eV or less, preferably about 4eV or less), and little [ sharply ] plasma is acquired for a 
high energy electron about 15eV or more. For this reason, the gas for the sources of a radical can secure a 
complement and quality, without producing superfluous dissociation. On the other hand, the amount of ion 
is controllable by the amount of the metastable atom generated at the plasma generating room 62 for 
metastable atom generating, and the gas for the ion sources from the gas supply section 60 for the 
sources of an ion radical. 

[0182] Thus, since the quality and the amount of ion and radical formation can be controlled, the good 
engine performance is obtained also in very detailed plasma treatment. The gas (C2H4, CH4, CH30H, etc.) 
which contains C and H in fluorocarbon gas, such as CHF3, CH2F2, G4F8, or CF4, as gas for the sources 
of a radical if needed is mixed, and it is. As gas for metastable atom generating, what made **-SU one kind 
or two kinds of rare gas is used. Ion is efficiently generable by using rare gas with the following property 
etc. as gas for the ion sources. 

[0183] At least energy ** of said metastable atom is received, and although the direction like ****** of 
the thing which has at least low ****** of the gas for the ion sources, or the gas for the ion sources is 
high, a thing with the small (about 5eV or less) difference is used. 

[0184] In addition, although it falls efficiently, it cannot add especially as gas for the ion sources, but the 
above-mentioned gas for metastable atom generating and the gas for the sources of a radical can also be 
substituted. 

[0185] Next, other examples of this invention which controls the quality and the amount of ion and radical 
formation to drawing 38 are shown. Although the fundamental idea is the same as drawing 37 , in drawing 
37 , its distance between the plasma room 62 for metastable atom generating and the vacuum processing 
room 10 is long, and it is an example carried out as a cure when attenuation of a metastable atom during 
this period is large. 41 is a magnetron as a source of an oscillation of microwave, 42 is the waveguide of 
microwave, it is a quartz plate for 43 carrying out vacuum **** of the first plasma production room 45, and 
passing microwave, and 44 is a quartz plate for gas distribution. At the first plasma production room 45, the 
plasma is generated by said microwave in the gas pressure of several 100 mTorr(s) to several 10 Torr(s), 
and a metastable atom is generated. 

[0186] In drawing 38 , since the source location of a metastable atom and distance between vacuum 
processing rooms can be shortened as compared with drawing 37 , a metastable atom can be poured into a 
vacuum processing room by the high consistency, and the amount of the ion in the vacuum processing 
room 10 can be increased. The processing room 10 is maintained at the pressure of 5 - SOmTorr, and by 
RF generator 16 20MHz or more, 5eV of high density low electron-temperature plasma of 3 is preferably 
generated cm 11th power a set /from the 10th power of 10 in 3eV or less, and ionization of the gas for the 
ion sources is advanced, avoiding dissociation of CF2 which needs 8eV or more as dissociation energy. 
Consequently, on the front face of a sample 40, the following reaction assisted by the incidence of the ion 
accelerated by several 100 V by bias power supply 17 mainly advances. 

Si02+2CF2 -> In CF2, since Si or SiN used as furring which are SiF4 **+2CO ** were not etched, oxide 
film etching of a high selection ratio of them was attained. 

[0187] Moreover, the increment of F according a part to dissociation in CF2 is decreased with the up 
electrode covering 30 which consists of silicon, carbon, or SiC. 

[0188] As stated in the top, by adjusting the gas for the sources of a radical, and the gas for the ion 
sources, the ratio of the ion in the processing room 10 and a radical could be controlled almost 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



2006/12/19 



JPJ0-261498.A [DETAILED DESCRIPTION] 



21/22 ^— v 



independently, and it became easy to control the reaction in the front face of a sample 40 to a desired 
thing. 

[0189] Plasma treatment equipment equipped with the electrostatic adsorption circuit and pulse bras 
voltage impression circuit of this invention is applicable not only to the etching processing described above 
but plasma treatment equipments, such as a CVD system, by replacing with etching gas and adding 
modification of introducing CVD gas. 

[0190] Next, other examples of this invention which controls ion and a radical independently to drawing 39 
are shown. In drawing 39 f the gas (C2H4, CH30H, eta) which contains C and H in fluorocarbon gas, such 
as CHF3, CH2F2, C4F8, or CF4, if needed is mixed, and it puts into the plasma generating room 62 for 
radical generating via a bulb 70 from the part which drawing 39 A Becomes. 

[0191] At the plasma generating room 62 for radical generating, the output of the RF power source (several 
MHz or several 10MHz) 63 is impressed to a coil 65, the plasma is generated with the gas pressure of 
several 100 mTorrCs) to several 10 Torr(s), and CF2 radical is mainly generated. CF3 and F which are 
generated in coincidence are decreased by H component. 

[0192] In addition, since it is difficult to decrease components, such as CF and O, sharply at the plasma 
generating room 62 for radical generating, the unnecessary component removal room 65 is formed next. 
Here, the wall of the quality of the materials (carbon, Si, SiC r etc.) containing carbon or Si is installed, and 
an unnecessary component is transformed to reduction or another gas with few bad influences. The outlet 
of the unnecessary component removal room 65 is connected to a bulb 71, and CF2 supplies the gas 
presentation of a principal component. 

[0193] In addition, since deposits, such as a depository object, are accumulated between [ many ] a bulb 70 
and a bulb 71, they need cleaning and exchange for a short period of time comparatively. For this reason, 
while making atmospheric-air disconnection and exchange easy, it has connected with an exhauster 74 via 
a bulb 72 for compaction of the vacuum starting time amount at the time of re-starting. In addition, an 
exhauster 74 may be used also [ exhauster / for the processing rooms 10 ]. 

[0194] Moreover, the gas B for the ion sources (rare gas, such as argon gas and xenon gas) is supplied to 
the aforementioned outlet and aforementioned connector processing room of a bulb 71 via a bulb 73. 
[0195] The processing room 10 is maintained at the pressure of 5-40mT, and by RF generator 16 20MHz or 
more which became irregular, 5eV of high density low electron-temperature plasma of 3 is preferably 
generated cm 1 1th power a set /from the 10th power of 10 in 3eV or less, and ionization of the gas for the 
ion sources is advanced, avoiding dissociation of CF2 which needs 8eV or more as dissociation energy. 
Consequently, on the front face of a sample 40, the following reaction assisted by the incidence of the ion 
accelerated by several 100 V by bias power supply 17 mainly advances. 

Si02+2CF2 -> In CF2, since Si or SiN used as furring which are SiF4 **+2CO ** were not etched, oxide 
film etching of a high selection ratio of them was attained. 

[0196] Moreover, the increment of F according a part to dissociation in CF2 is decreased with the up 
electrode covering 30 which consists of silicon, carbon, or SiC. 

[0197] As stated in the top, by adjusting the gas A for the sources of a radical, and the gas B for the ion 
sources, the ratio of the ion in the processing room 10 and a radical could be controlled almost 
independently, and it became easy to control the reaction in the front face of a sample 40 to a desired 
thing. Moreover, since an unnecessary depository component etc. was eliminated at the unnecessary 
component removal room 65 and he was trying not to carry into the processing room 10 as much as 
possible, the depository in the processing room 10 was reduced sharply, and the frequency of cleaning 
where opened the processing room 10 wide to atmospheric air, and it was performed has also reduced it 
sharply. 

[0198] Next, other examples which control ion and a radical independently to drawing 40 are shown. From 
A, it mixes with ion source gas B via through, the unnecessary component removal room 65, and a buib 71 
in the heating pipe section 66 via a bulb 70, and oxidation hexafluoropropylene gas (it omits CF3CFOCF2 
and Following HFPO) is sent to the way of the processing room 10. In the heating pipe section 66, HFPO is 
heated at 800 degrees C - 1000 degrees C, and the following pyrolysis generates CF2. 
CF3CFOCF2 -> Although the comparatively stable matter is hard to decompose CF2+CF3CFOCF3CFO, 
since a part is understood and unnecessary O and F are generated, the unnecessary component removal 
room 65 was formed after the heating pipe section 66, and the unnecessary component has been changed 
into the matter out of which removal or a bad influence does not come. A part of CF3CFOCF(s)2 flow into 
the processing room 10 without decomposing, but with the plasma 5eV or less of low electron temperature, 
in order not to dissociate, they do not pose a problem. 

[0199] In addition, the reaction in how to use a bulb 72 and an exhauster 74 and the processing room 10 is 
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the same as the case of drawing 39 . 

[0200] Plasma treatment equipment equipped with the electrostatic adsorption circuit and pulse bias 
voltage impression circuit of this invention is applicable not only to the etching processing described above 
but plasma treatment equipments, such as a CVD system, by replacing with etching gas and adding 
modification of introducing CVD gas. 
[0201] 

[Effect of the Invention] According to this invention, precise processing of a detailed pattern is easy about 
the sample of the diameter of macrostomia beyond phi300mm, and the plasma treatment equipment and 
the plasma treatment approach which the selection ratio at the time of micro processing also raised can be 
offered. Moreover, the plasma treatment equipment which can perform homogeneity and high-speed 
processing, especially oxide-film processing over the whole surface of the sample of the diameter of 
macrostomia, and its art can be offered. 

[0202] According to this invention, the plasma treatment equipment and the plasma treatment approach 
which raised the selectivity of the plasma treatment to the insulator layers in a sample (for example, Si02, 
SiN, BPSG, etc.) etc. can be offered further. 

[0203] Moreover, a controllability can acquire good and narrow ion energy distribution, and can offer the 
plasma treatment equipment and the plasma treatment approach which raised the selectivity of plasma 
treatment etc. 

[0204] Moreover, when using the sample base which has a dielectric layer for electrostatic adsorption, a 
controllability is good, narrow ion energy distribution can be acquired and the plasma treatment equipment 
and the plasma treatment approach which raised the selectivity of plasma treatment etc. can be offered. 
[0205] Moreover, by controlling the amount and the quality of ion and a radical independently, the pressure 
of the processing interior of a room of plasma treatment equipment is made low, and precise processing of 
a detailed pattern is easy, and can offer the plasma treatment equipment and the plasma treatment 
approach which the selection ratio at the time of micro processing also raised. 

[0206] The plasma treatment equipment and the plasma treatment approach which raised the selectivity of 
the plasma treatment to the insulator layers in a sample (for example, Si02, SiN, BPSG, etc.) etc, can be 
offered by controlling the amount and the quality of ion and a radical independently further again. 
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LThis document has been translated by computer. So the translation may not reflect the original precisely. 
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3.1n the drawings, any words are not translated. 



TECHNICAL FIELD 



[Field of the Invention] This invention relates to suitable plasma treatment equipment to start plasma 
treatment equipment and an art, especially form the detailed pattern in a semi-conductor production 
process, and the plasma treatment approach. 
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PRIOR ART 



[Description of the Prior Art] As for plasma treatment, improvement in micro-processing nature or 
processing speed has been increasingly required with high integration of a semiconductor device. In order 
to meet this demand, [ow-voltage-izing of processing gas pressure and the densification of the plasma are 
needed. 

[0003] There are some (it abbreviates to ICP) which a coil is excited [ some ] according to the power 
source of the thing using the cyclotron-resonance phenomenon (it abbreviates to ECR) of (1) microwave 
(2.45GHz) electromagnetic field and a static magnetic field (875G) and (2) RF frequency as what aims at 
low^voltage-izing of processing gas pressure and densification, generate induction field, and generate the 
plasma. 

[0004] By the way, when etching the film of an oxide film system using fluorocarbon system gas r the 
present condition is that it is difficult for dissociation of gas to progress too much and to make high the 
selection ratio to the substrate (Si and SiN) of the oxide film system film by the ICP method shown in ECR 
shown above (1) or (2). 

[0005] The conventional method of impressing the electrical potential difference of RF frequency between 
parallel plates, and on the other hand, generating the plasma is difficult for making stability discharge by the 
pressure of lOPa or less. As [ showed / in (3) JPJ-2971 75,A or JP,3-204925,A / as this cure ] The 2 
cycle exciting method for making an electrical potential difference with a high frequency of dozens of MHz 
or more generate the plasma, and performing bias control of a sample on the low frequency of several MHz 
or less, (4) — the magnetron RIE (it abbreviates to M-RIE) which Field B was added in the direction which 
intersects the auto~bias electric field (E) by which induction was carried out to the sample front face as 
shown in JP,2-312231 A and the electron by the electronic Lorentz force shut up, and used the operation 
— there is law. 

[0006] Moreover, there are some which were indicated by JP,56~13480 t A as an approach of making a 
plasma consistency increasing to the bottom of low gas pressure. This utilizes the electron cyclotron 
resonance (ECR) by the microwave (2.45GHz) and static magnetic field (875Gauss) which are an 
electromagnetic wave, and a plasma consistency even with the high low gas pressure of 0.1-1 Pa is 
obtained. 

[0007] The processor equipped with the RF generator for accelerating the ion in the plasma and the 
electrostatic adsorption film which makes a sample hold on a sample base by electrostatic adsorption 
power on the other hand to the sample base which arranges a processed material (for example, it 
abbreviates to a semi-conductor wafer substrate and a following sample.) in the technical field which 
performs etching processing, membrane formation processing r etc. of a semi-conductor using the plasma is 
adopted. 

[0008] For example, the equipment indicated by the USP No, 5,320,982 specification controls the ion 
energy which connects this power source to a sample base by using the RF generator of a sinusoidal 
output as bias power supply, and carries out incidence to a sample, making heat transfer gas intervene 
between a sample and a sample base, and performing temperature control of a sample, while generating the 
plasma with microwave and making a sample hold on a sample base by electrostatic adsorption power. 
[0009] Moreover, it is indicated that it becomes possible to be able to narrow distribution width of face of 
the ion energy which carries out incidence to a sample by generating the ion control bias wave of the 
shape of a pulse which fixed-izes plasma inter-electrode field strength, and being impressed by the sample 
base, and to raise the processing dimensional accuracy of etching and the etching velocity ratio of the 
processed film and substrate material several times in JP,62-280378,A. 

[0010] Moreover, it is indicated by JP,6~61 182,A that generate the plasma using a electron cyclotron 
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resonance, and pulse duty impresses the pulse bias of about 0.1% or more of width of face, and prevents 
generating of a notch in a sample. 

[0011] In addition, the thing of a publication is in Jap.J.Appl.phys, Vol.28, No.10, October, 1989, and PP.L 
1860-L 1862 as an example as for which cyclotron resonance raises a lifting and a plasma consistency by 
the VHF electrification magnetic wave and the static magnetic field. However, a 144MHz RF is impressed 
to the central conductor of a coaxial configuration by this example, the magnetic field of 51 G parallel to a 
central conductor is added, cyclotron resonance is produced, PURAZU of high density is generated, and 
the sample base grounded to the lower stream of a river of this plasma generating section is installed. 
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EFFECT OF THE INVENTION 



[Effect of the Invention] According to this invention, precise processing of a detailed pattern is easy about 
the sample of the diameter of macrostomia beyond phi300mm, and the plasma treatment equipment and 
the plasma treatment approach which the selection ratio at the time of micro processing also raised can be 
offered. Moreover, the plasma treatment equipment which can perform homogeneity and high-speed 
processing, especially oxide-film processing over the whole surface of the sample of the diameter of 
macrostomia, and its art can be offered. 

[0202] According to this invention, the plasma treatment equipment and the plasma treatment approach 
which raised the selectivity of the plasma treatment to the insulator layers in a sample (for example, Si02, 
SiN, BPSG, etc.) etc. can be offered further. 

[0203] Moreover, a controllability can acquire good and narrow ion energy distribution, and can offer the 
plasma treatment equipment and the plasma treatment approach which raised the selectivity of plasma 
treatment etc. 

[0204] Moreover, when using the sample base which has a dielectric layer for electrostatic adsorption, a 
controllability is good, narrow ion energy distribution can be acquired and the plasma treatment equipment 
and the plasma treatment approach which raised the selectivity of plasma treatment etc. can be offered. 
[0205] Moreover, by controlling the amount and the quality of ion and a radical independently, the pressure 
of the processing interior of a room of plasma treatment equipment is made low, and precise processing of 
a detailed pattern is easy, and can offer the plasma treatment equipment and the plasma treatment 
approach which the selection ratio at the time of micro processing also raised. 

[0206] The plasma treatment equipment and the plasma treatment approach which raised the selectivity of 
the plasma treatment to the insulator layers in a sample (for example, Si02, SiN, BPSG, etc.) etc. can be 
offered by controlling the amount and the quality of ion and a radical independently further again. 
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TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] A plasma generating method given in JPJ-2881 95,A or JP,7- 
297175, A generates the plasma by the RF (13.56MHz and dozens of MHz) among the above-mentioned 
conventionat technique. Etching of an oxide film can be made to generate the good plasma in the gas 
pressure of dozens-5Pa (pascal) extent However, with detailed-izing with a pattern dimension of about 0.2 
micrometers or fess T perpendicularHzation of a processing configuration is required more strongly and, for 
that, the fall of gas pressure is becoming indispensable. 

[0013] However, it is difficult to make stability generate the plasma of the consistency of the request of 
5x1 01 0cm ~ 3 or more about by 4Pa or less (0.4~4Pa) by the above-mentioned 2 cycle exciting method and 
the above-mentioned M-RIE method. For example, even if it makes the plasma excitation frequency high 
by the above-mentioned 2 cycle exciting method, it is difficult for reduction which a plasma consistency 
seldom increases above about 50MHz, or falls conversely to come out, and to make a plasma consistency 
or more [ 5x1 01 0cm ~ ] into three with the low gas pressure of 0.4-4Pa. 

[0014] Moreover, the plasma consistency which the electron by the Lorentz force of the electron produced 
on a sample front face shuts up by the M-RIE method, and is generated by operation must be uniform all 
over a sample. However, generally a plasma consistency has the fault which the deviation within a field 
produces by the drift of ExB. Since it generates near the sheath near [ where field strength is strong ] the 
sample, the deviation of the plasma consistency which an electron shuts up in a sample front face directly, 
and is formed in an operation cannot be amended by approaches, such as diffusion. 

[0015] uniform PURAZUMAGA profit **** which do not have a bias even if it adds 200 gauss as maximum 
of a magnetic field parallel to a sample by arranging a magnet so that magnetic field strength may become 
weak in the direction of a drift of the electron by ExB as indicated by JP,7~2881 95.A as this solution. 
However, since it will be limited to the specific narrow range with the conditions from which the plasma 
becomes uniform once it fixes magnetic-field-strength distribution, change of processing conditions has 
the fault which cannot follow in footsteps easily. Especially, in order for the pressure on a sample center 
section to become high ten percent or more from the pressure on a sample edge when narrow, and to 
avoid the differential pressure on a sample, when an inter-electrode distance is about 20mm or less to the 
diameter sample of macrostomia beyond phi300, and setting spacing between a sample base and a 
counterelectrode as 30mm or more, it is in the inclination especially whose difficulty increases. 
[0016] Thus, by the above-mentioned 2 cycle exciting method and the above-mentioned M-RIE method, it 
is the low voltage of 0.4 to 4 Pa, and it is difficult to make the plasma consistency of 5x1010cm~3 into 
homogeneity in a phi300mm sample side. Therefore, by the 2 cycle exciting method or the M-RIE method, 
it is in a difficult situation for it to be uniform, and to have high-speed workability to the wafer of the 
diameter of macrostomia beyond phi300mm t and to process a selection ratio with substrates (Si, SiN, etc.) 
for processing below the diameter of 0.2 micron highly. 

[0017] On the other hand, there are some which were indicated by JP f 56-13480 r A in the above-mentioned 
conventional technique as an approach to which the plasma consistency by low gas pressure is made to 
increase sharply. However, by this method, dissociation of gas progressed too much, and when silicon 
oxide, a nitride, etc. were etched using the gas containing a fluorine and carbon, a fluorine atom / molecule, 
and fluorine ion were generated so much, and there was a fault that a selection ratio with desired 
substrates (Si etc.) was not obtained. The ICP method using the induction field of RF power also had the 
fault to which dissociation progresses too much like the describing [ above ] ECR method. 
[0018] Moreover, generally the configuration which exhausts raw gas from the circumference of a sample is 
taken, in this case, the consistency of a sample center section was high, it became the inclination for the 
plasma consistency of a sample periphery to become low, and there was a fault by which the homogeneity 
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of processing on the whole sample surface is spoiled. Although preparing an annular bank (focal ring) near 
the circumference of a sample, and stagnating a gas stream was performed in order to improve this fault, it 
had the fault to which a resultant adheres, it becomes a foreign matter generation source, and the yield 
falls to this bank. 

[0019] On the other hand, in order that the ion which carries out incidence to a sample may carry out 
energy control, adding RF bias of a sine wave to the electrode which lays a sample is performed. Although 
several 100kHz - 13.56MHz was used as that frequency, since ion followed in footsteps of change of the 
electric field in a sheath, with this frequency band, the energy distribution of the ion which carries out 
incidence had become the double peak mold which has a peak by two by the side of low energy and high 
energy. Although the processing speed of the ion by the side of high energy was high, the damage was 
given to the sample, and when there is a fault with low processing speed and it was going to lose the 
damage, processing speed fell, and the ion by the side of low energy had the fault from which a damage 
poses a problem, when it was going to gather processing speed. On the other hand, although the energy 
distribution which carries out incidence approached the single peak together, the greater part of the energy 
was used for plasma production, and when RF bias frequency was made into the high value of about 50MHz 
or more, since the electrical potential difference which joins a sheath fell sharply, there was a fault to 
which it becomes difficult to control the energy of incidence ion independently. 

[0020] Moreover, a pulse bias-power-supply method given in JP,62-280378,A or JP f 6-61 182,A among the 
above-mentioned conventional technique The examination in the case of impressing pulse bias to a sample 
between a sample base electrode and a sample using the dielectric layer for electrostatic adsorption is not 
made. Since the ton acceleration voltage impressed between the plasma and a sample front face by the 
increment in the electrical potential difference generated among the both ends of an electrostatic 
adsorption film with the inflow of the ion current will fall and ion energy distribution will spread, if it applies 
to an electrostatic adsorption method as it is, There was a fault which cannot cope with processing of the 
detailed pattern to need performing sufficient temperature control for a sample. 

[0021] moreover , by the conventional sinusoidal output bias power supply method indicated by the USP 
No. 5,320,982 specification , if a frequency became high , since the impedance of the sheath section would 
approach the own impedance of plasma or would become less than [ it ] , the unnecessary plasma arose 
near the sheath near the sample by bias power supply f while no longer be use effective in an acceleration 
of an ion , plasma distribution also got worse , and there be a fault in which the controllability of the ion 
energy by bias power supply be lose . 

[0022] The limit of the control is becoming clear as processing of a sample makes it detailed in plasma 
treatment further again, since the gas by which it serves as the ion source and a source of a radical 
conventionally although it is important to control the amount of ion, the amount of radicals, and a radical 
kind proper because of the improvement in the engine performance was made to flow into a processing 
room, the plasma was generated in the processing interior of a room and coincidence was made to 
generate ion and a radical. 

[0023] Moreover, the means for applying to homogeneity the installation bias voltage of the bias power 
supply impressed to a sample base over the whole sample side surface etc. is not described by the 
example using the cyclotron resonance of Jap.J.Appl.phys described previously and VHF of 28 and 10. 
Moreover, it is difficult for the height of a processing room to be about 200mm or more, and for the 
configuration utilized for the surface reaction owner effect in a counterelectrode not to become, but to 
obtain a high selection ratio with this configuration. 

[0024] The purpose of this invention has precise processing of the detailed pattern to the sample of the 
diameter of macrostomia in offering easy plasma treatment equipment and the plasma treatment approach 
by not advancing dissociation of gas too much but acquiring the uniform plasma with the diameter of 
macrostomia beyond phi300mm. 

[0025] Other purposes of this invention are to offer the plasma treatment equipment which can perform 
homogeneity and high-speed processing, especially oxide-film processing over the whole surface of the 
sample of the diameter of macrostomia, and its art. 

[0026] Other purposes of this invention are to offer the plasma treatment equipment and the plasma 
treatment approach which raised the selection ratio of plasma treatment to the insulator layers in a sample 
(for example, Si02, SiN, BPSG, etc.). 

[0027] Other purposes of this invention are to offer the plasma treatment equipment and the plasma 
treatment approach which acquire narrow ion energy distribution, are stabilized and can improve the 
selection ratio of plasma treatment with a sufficient controllability by the low damage. 
[0028] Other purposes of this invention are to offer the plasma treatment equipment and the plasma 
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treatment approach of improving temperature control nature by electrostatic adsorption of a sample, being 
stabilized with a sufficient precision and performing processing of the detailed pattern to need. 
[0029] Other purposes of this invention are to offer the plasma treatment equipment which can control ion 
and a radical independently, and the plasma treatment approach. 
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MEANS 



[Means for Solving the Problem] In the plasma treatment equipment with which the description of this 
invention has a vacuum processing room, the plasma production means containing the electrode of a pair, 
the sample base that has the sample installation side in which the sample by which it is processed in this 
vacuum processing interior of a room is laid, and a reduced pressure means to decompress said vacuum 
processing room The RF generator which impresses the high-frequency power of VHF ** (30MHz thru/or 
300MHz) to inter-electrode [ of said pair ], In the direction which intersects the electric field produced 
inter-electrode [ of said pair ] t or near it by said RF generator It has the magnetic field means forming 
which forms a static magnetic field or a low frequency magnetic field, and is in forming the cyclotron- 
resonance field of the electron by the interaction of said magnetic field and said electric field in inter- 
electrode [ of said pair 1 

[0031] A plasma production means by which other descriptions of this invention contain a vacuum 
processing room and the electrode of a pair, In the plasma treatment equipment which has the sample base 
in which the sample processed in this vacuum processing interior of a room is laid while serving as one side 
of said electrode, and a reduced pressure means to decompress said vacuum processing room The RF 
generator which impresses the VHF electrification force (50MHz thru/or 200MHz) to inter-electrode [ of 
said pair L In the direction which intersects the electric field produced inter-electrode [ of said pair ], or 
near it by said RF generator It has the magnetic field means forming which forms the part of a static 
magnetic field 17 gauss or more 72 gauss or less or a low frequency magnetic field. The part used as the 
max of the component of a direction along the field of said sample base of said magnetic field sets up so 
that it may become said sample base and opposite side from the center of the electrode of said pair, and it 
is to form the cyclotron-resonance field of the electron by the interaction of said magnetic field and said 
electric field in inter-electrode [ of said pair ]. 

[0032] A plasma production means by which other descriptions of this invention contain a vacuum 
processing room and the electrode of a pain In the plasma treatment approach of the sample by the 
plasma treatment equipment which has a sample base for arranging the sample processed in this vacuum 
processing interior of a room while serving as one side of said electrode, and a reduced pressure means to 
decompress said vacuum processing room By the step which decompresses said vacuum processing 
interior of a room with a reduced pressure means, and magnetic field means forming The step which forms 
the part of a static magnetic field 10 gauss or more 1 10 gauss or less or a low frequency magnetic field in 
the direction which intersects the inter-electrode electric field of said pair, The VHF electrification force 
(30MHz thru/or 300MHz) is impressed to inter-electrode [ of said pair ] by the RF generator. Between the 
electrodes of said pair It is in having the step which forms the cyclotron-resonance field of the electron by 
the interaction with the electric field by said magnetic field and said RF generator, and the step which 
processes said sample by the plasma by which ** Li generation is carried out at the cyclotron resonance 
of said electron, 

[0033] In order that according to this invention dissociation of gas may not be advanced too much but 
saturation ion current distribution may acquire **5% or less of uniform plasma with the diameter of 
macrostomia beyond phi300mm r as an RF generator for plasma production, 30MHz cannot be found and 
300MHz (50MHz thru/or 200MHz) of VHF is used preferably. A static magnetic field or a low frequency 
magnetic field is formed in the direction which, on the other hand, intersects the electric field produced in 
inter-electrode [ of a pair ] by said RF generator. Thereby, with a sample base, the cyclotron-resonance 
field of the electron by the interaction of a magnetic field and electric field is formed in the opposite side 
rather than the center of the electrode of this pair along the sample installation side of a sample base 
inter-electrode [ of a pair ]. A sample is processed to the cyclotron resonance of this electron by the 
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plasma by which ** Li generation is carried out. 

[0034] A magnetic field has the part of a static magnetic field 17 gauss or more 72 gauss or less or a low 
frequency (1kHz or less) magnetic field preferably 10 gauss or more 110 gauss or less, and gas is made into 
the low voltage of 0.4Pa thru/or 4Pa. Moreover, there is no 30 and distance between two electrodes is 
preferably set to 30 thru/or 60mm 100mm. In addition, it cannot be overemphasized that the electrode of a 
pair is what has the area more than the area of the sample processed, respectively. 
[0035] As a frequency f of an RF generator, by using 50 MHz<=f<=200MHz VHF, a plasma consistency 
does not have a single figure compared with the case of microwave ECR, and falls about double figures. 
Moreover, dissociation of gas also falls and unnecessary fluorine atom / molecule, and generating of ion 
also fall about single or more figures. Three or more [ 5x1 01 0cm ~ ] processings of tow-pressure and a high 
rate which the plasma with a high consistency is acquired moderately and are 0.4 to 4 Pa are attained as 
an absolute value of a plasma consistency the frequency of this VHF band, and by using cyclotron 
resonance. Furthermore, in order that dissociation of gas may not progress too much, either, a selection 
ratio with substrates, such as Si and SiN, is not worsened greatly. 

[0036] Although dissociation of gas will progress for a while if compared with the 13.56MHz conventional 
parallel plate electrode, the fluorine atom / molecule by this, and the slight increment in ion can improve by 
installing the matter which contains silicon and carbon in an electrode surface or a chamber wall surface, 
or combining and discharging hydrogen and a fluorine further using adding bias to these, and the gas 
containing hydrogen. 

[0037] Moreover, according to this invention, the part which serves as max of a magnetic field component 
parallel to a sample base between two electrodes is set as a sample base and the opposite side rather than 
the center of two electrodes. By making preferably magnetic field strength parallel to the sample in respect 
of sample installation of a sample base into 15 gauss or less 30 gauss or less The Lorentz force (ExB) 
committed into an electron near a sample installation side can be made into a small value, and generating 
of the heterogeneity of the plasma consistency by the electronic drift condenser by the Lorentz force in 
respect of sample installation can be abolished. 

[0038] According to other descriptions of this invention, compared with near the center section of the 
sample, the electronic cyclotron^resonance effectiveness is enlarged on a periphery or its outside 
compared with a center so that generation of the plasma may be raised a periphery or near [ its ] an 
outside a sample. It can attain by making distance of a cyclotron-resonance field and a sample far, losing a 
cyclotron-resonance field, or lessening the rectangular degree of a magnetic field and electric field as a 
means which lowers the electronic cyclotron-resonance effectiveness, etc. 

[0039] Moreover, if the field gradient near cyclotron-resonance magnetic field BC is made sudden and an 
ECR resonance region is narrowed, the cyclotron-resonance effectiveness can be weakened. An ECR 
resonance region is Bc(1~a) <=B<=Bc (1+a). However, it becomes the range of the magnetic field strength 
B which becomes 0.05 <=a<=0.1. 

[0040] In an ECR resonance region, in order that dissociation may progress, especially generation of ton 
prospers. On the other hand, dissociation does not progress compared with an ECR resonance region, but, 
as for fields other than an ECR resonance region, the direction of generation of a radical prospers. By 
adjusting the high-frequency power applied to the width of face and the up electrode of an ECR resonance 
region, generating of the suitable ion for processing of a sample and a radical can be controlled more nearly 
independently. 

[0041] A sample base for other descriptions of this invention to arrange a vacuum processing room and the 
sample processed in this vacuum processing interior of a room, An electrostatic adsorption means to have 
a plasma production means containing an RF generator and to be plasma treatment equipment and to hold 
said sample on said sample base by electrostatic adsorption power, While having a pulse bias impression 
means to impress pulse bias voltage to said sample and impressing the high-frequency voltage of 10MHz - 
500MHz as said RF generator, it is in having constituted so that said vacuum processing room might be 
decompressed to 0.5-4.0Pa. 

[0042] A sample base for other descriptions of this invention to arrange the sample processed at a vacuum 
processing room and this vacuum processing room, An electrostatic adsorption means to have a plasma 
production means and to be plasma treatment equipment and to hold said sample on said sample base by 
electrostatic adsorption power, It connects with said sample base and is in having established a pulse bias 
impression means to impress pulse bias voltage to this sample base, and an electrical-potential-difference 
control means to control change of the electrical potential difference generated with impression of said 
pulse bias voltage corresponding to the electrostatic adsorption capacity of said electrostatic adsorption 
means. 
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[0043] The step which arranges a sample to one side of the electrode of the pair which counters with 
which other descriptions of this invention were prepared in the vacuum processing room, The step which 
holds this sample to said electrode by electrostatic adsorption power, and the step which introduces 
etching gas into the ambient atmosphere by which said sample has been arranged, The step which 
evacuates said ambient atmosphere to 0.5-4.0Pa, and the step which impresses the high-frequency voltage 
of 10MHz - 500MHz, and plasma-izes etching gas under said pressure, It is in the plasma treatment 
approach which consists of a step which etches said sample by this plasma, and a step which impresses 
pulse bias voltage to one [ said ] electrode, 

[0044] The step which arranges a sample to one electrode of the electrode with which other descriptions 
of this invention counter, The step which holds the arranged this sample to said electrode by electrostatic 
adsorption power, The step which introduces etching gas into the ambient atmosphere by which said 
sample has been arranged, The step which plasma-izes the introduced this etching gas, and the step which 
etches said sample by this plasma, It is in consisting of a step which impresses the pulse bias voltage 
which has the pulse amplitude of 250V-1000V, and the duty ratio of 0.05-0.4 at the time of this etching, 
and carrying out plasma treatment of the insulator layers in said sample (for example, Si02, SiN, BPSG, 
etc.) to one [ said ] electrode at it. 

[0045] According to other descriptions of this invention, by impressing the puIseHike bias power of a 
predetermined property to the sample base equipped with an electrostatic adsorption means to have a 
dielectric layer for electrostatic adsorption, temperature control nature of a sample is fully performed, it is 
stabilized and processing of the detailed pattern to need can be performed. That is, it has an electrostatic 
adsorption means to hold a sample on a sample base by electrostatic adsorption power, and a puise bias 
impression means to connect with a sample base and to impress pulse bias voltage to this sample base, 
and duty of the forward direction pulse part adds 1/2 or less pulse bias to a sample through a capacitative 
element in a period in 0.2 - 2 microseconds. 

[0046] Moreover, according to other descriptions of this invention, as an electricahpotential-difference 
control means to control change of the electrical potential difference generated with impression of pulse 
bias voltage corresponding to the electrostatic adsorption capacity of an electrostatic adsorption means, 
electricahpotential-difference change which joins the both ends of a dielectric layer by electrostatic 
adsorption during a pulse round term constitutes so that it may become 1/2 or less [ of the magnitude of 
pulse bias voltage 1 Specifically make thin thickness of the electrostatic chuck film of the dielectric 
prepared in the front face of a lower electrode, or let a dielectric be an ingredient with large specific 
inductive capacity. Or the approach of controlling the rise of the electrical potential difference which 
shortens the period of pulse bias voltage and joins the both ends of a dielectric layer again may be 
adopted. 

[0047] According to other descriptions of this invention, the selectivity of the plasma treatment to the 
insulator layers in a sample (for example, Si02, SiN, BPSG, etc.) etc. can be raised by impressing the pulse 
bias voltage which has the puise amplitude of 250V-1000V, and the duty ratio of 0.05-0.4 to one [ said ] 
electrode further again at the time of etching of a sample. 

[0048] A sample base for other descriptions of this invention to arrange a vacuum processing room and the 
sample processed in this vacuum processing interior of a room, An electrostatic adsorption means to have 
a plasma production means and to be plasma treatment equipment and to hold said sample on said sample 
base by electrostatic adsorption power, A bias impression means to impress bias voltage to said sample, 
and a radical supply means to have a means to decompose the gas for radical generating beforehand in 
said vacuum processing room, and to supply the radical of the amount of requests to it, It is in providing a 
means to supply the gas for ion generating to said vacuum processing room, and a plasma production 
means to make said vacuum processing room generate the plasma, and using Si02 as said sample. 
[0049] A sample base for other descriptions of this invention to arrange a vacuum processing room and the 
sample processed in this vacuum processing interior of a room, An electrostatic adsorption means to have 
a plasma production means containing an RF generator and to be plasma treatment equipment and to hold 
said sample on said sample base by electrostatic adsorption power, A pulse bias impression means to 
impress pulse bias voltage to said sample, A plasma supply means for radical generating to plasma-ize the 
gas for radical generating in said vacuum processing room beforehand, and to supply the radical of the 
amount of requests to it, While having said plasma production means to supply the gas for ion generating to 
said vacuum processing room, and to generate the plasma and impressing the high-frequency voltage of 
10MHz - 500MHz to said RF generator, it is in being constituted so that said vacuum processing room may 
be decompressed to 0.5-4.0Pa. 

[0050] According to other descriptions of this invention, by controlling the amount and the quality of ion 
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and RAJIRARU independently and impressing the pulse-like bias power of a predetermined property to the 
sample base equipped with an electrostatic adsorption means to have a dielectric layer for electrostatic 
adsorption, temperature control nature of a sample is fully performed, it is stabilized and processing of the 
detailed pattern to need can be performed. 

[0051] Furthermore, the amount and the quality of ion and RAJIRARU are controlled independently, narrow 
ion energy distribution is acquired, it can be stabilized and the selectivity of plasma treatment etc. can be 
raised with a sufficient controllability. 

[0052] Moreover, the amount and the quality of ion and RAJIRARU are controlled independently, and as an 
electrical-potential-difference control means to control change of the electrical potential difference 
generated with impression of pulse bias voltage corresponding to the electrostatic adsorption capacity of 
an electrostatic adsorption means, electricahpotential-difference change which joins the both ends of a 
dielectric layer by electrostatic adsorption during a pulse round term constitutes so that it may become 
1/2 or less [ of the magnitude of pulse bias voltage ]. Specifically make thin thickness of the electrostatic 
chuck film of the dielectric prepared in the front face of a lower electrode, or let a dielectric be an 
ingredient with large specific inductive capacity. Or the approach of controlling the rise of the electrical 
potential difference which shortens the period of pulse bias voltage and joins the both ends of a dielectric 
layer again may be adopted. 

[0053] Moreover, according to other descriptions of this invention, the selectivity of plasma treatment with 
the substrate over the insulator layers in a sample (for example, Si02, SiN, BPSG, etc.) etc, can be raised 
by controlling the amount and the quality of ion and RAJIRARU independently and impressing the pulse 
bias voltage which has the pulse amplitude of 250V-1000V, and the duty ratio of 0.05-0.4 in one [ said ] 
electrode at the time of etching of a sample. 

[0054] Furthermore, according to other descriptions of this invention, the amount and the quality of ion and 
RAJIRARU are controlled independently and gas pressure of the processing interior of a room is made into 
the low voltage of 0.5~4.0Pa, using the high-frequency voltage of 10MHz - 500MHz as an RF generator for 
plasma generating. Thereby, the stable plasma is acquired. Moreover, by using such high-frequency voltage, 
ionization of the gas plasma becomes good and the selection-ratio control at the time of sample 
processing becomes good. 
[0055] 

[Embodiment of the Invention] The example of this invention is explained below. The first example which 
applied this invention to the plasma etching system of a counterelectrode mold at drawing 1 is shown first. 
In drawing 1 f the processing room 10 as a vacuum housing is equipped with the electrode with which the 
pair which consists of the up electrode 12 and the lower electrode 15 counters. A sample 40 is laid in the 
lower electrode 15. In order to **** the differential pressure on the sample side when processing the 
sample of the diameter of macrostomia beyond phi300mm to ten or less percent, as for the gap of two 
electrodes 12 and 15, it is desirable to be referred to as 30mm or more. Moreover, in order to reduce a 
fluorine atom, a molecule, and ion, it is desirable to set preferably the reaction on the upper part / lower 
electrode surface to 60mm or less 100mm or less from a viewpoint utilized effectively. RF generator 16 
which supplies radio-frequency energy through a matching box 162 is connected to the up electrode 12. 
161 is a source of an RF generator modulating signal. Between the up electrode 12 and the ground, the 
filter 165 which serves as low Impedance to the frequency component of bias power supply 17, and serves 
as a high impedance to the frequency component of RF generator 16 is connected. 

[0056] Surface area of the up electrode 12 installed almost in parallel with a sample base is made larger 
than the area of the sample 40 processed, and it is constituted so that an electrical potential difference 
may join homogeneity efficiently in the sheath on a sample side by impression of bias power supply 17. 
[0057] The up electrode covering 30 as a removal plate of the fluorine which consists of silicon, carbon, or 
SiC is formed in the bottom front face of the up electrode 12. Moreover, the gas induction room 34 
equipped with the gaseous diffusion plate 32 which diffuses gas in desired distribution is established in the 
upper part of the up electrode 12, Gas required for processing of etching of a sample etc. is supplied to the 
processing room 10 through the hole 38 prepared in the gaseous diffusion plate 32, the up electrode 12, 
and the up electrode covering 30 of the gas induction room 34 from the gas supply section 36. Evacuation 
of the outside room 1 1 is carried out by the vacuum pump 18 connected to the outside room through the 
bulb 14, and the processing room 10 is adjusted to the processing pressure force of a sample. 13 is an 
insulator. While raising a plasma consistency, in order to attain homogenization of the reaction in a 
processing room, the ring 37 for [ discharge ****** ] is formed in the perimeter of the processing room 10. 
Between ** for exhaust air is established in the ring 37 for [ discharge ****** ]. 
[0058] On the up electrode 12, it intersects perpendicularly with the electric field E formed in inter- 
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electrode, and the magnetic field means forming 200 for forming a magnetic field parallel to the field of a 
sample 40 is established, the magnetic field means forming 200 — a core 201 and electromagnetism — the 
coil 202 and the insulator 203 are provided. As a component of the up electrode 12, there is a nonmagnetic 
material conductor, for example, aluminum and an aluminium alloy. As a component of the processing room 
10, there are nonmagnetic material, for example, aluminum and an aluminium alloy, an alumina, a quartz, SiC, 
etc. The core 201 has the axial symmetry-of-revolution structure of a cross-section abbreviation easy 
mold of having the core sections 201 A and 201 B that the field B to which magnetic flux is extended from 
the central upper part of the processing room 10 to abbreviation parallel along with the up electrode 12 
toward the up electrode 12 at a periphery should be formed. The magnetic field formed between two 
electrodes of the magnetic field means forming 200 has the part which produces the cyclotron resonance 
of a static magnetic field 17 gauss or more 72 gauss or less or a low frequency magnetic field (1 or less 
KHZ) preferably 110 gauss or less more than 10 gauss (Gauss). 

[0059] The magnetic field strength Be (gauss) which produces cyclotron resonance has the relation of 
Bc=0,357xf (MHz) to the frequency f of the RF for plasma production (MHz) a well-known passage. 
[0060] In addition, as long as two electrodes 12 and 15 in this invention have the substantially parallel 
electrode of the pair which carries out phase opposite, it is good and electrodes 12 and 15 may have some 
concave surface or convex from the demand of a plasma production property etc. In such 2 electrode 
molds, inter-electrode electric-field distribution can be equalized easily, and making generation of the 
plasma by cyclotron resonance into homogeneity has the comparatively easy description by improving the 
homogeneity of the magnetic field which intersects perpendicularly with this electric field. 
[0061] The lower electrode 15 which carries out installation maintenance of the sample 40 has composition 
equipped with the electrostatic chuck 20 of 2 pole type. That is, the lower electrode 15 is constituted by 
outside 1st lower electrode 15A and 2nd lower electrode 15B arranged through an insulator 21 in the inside 
upper part, and the dielectric layer 22 for electrostatic adsorption (it is hereafter called an electrostatic 
adsorption film for short) is formed in the upper front face of the 1st and the 2nd car lower electrode. DC 
power supply 23 are connected to the 1st and the 2nd car lower inter-electrode one through the coils 24A 
and 24B for a high frequency component cut, and as the 2nd lower electrode 15B side just becomes, it 
impresses direct current voltage to both lower inter-electrode one. Thereby, according to the Coulomb 
force which acts on a sample 40 and both lower inter-electrode one through the electrostatic adsorption 
film 22, on the lower electrode 15, it adsorbs and a sample 40 is held. As an electrostatic adsorption fifm 
22, dielectrics, such as what mixed the titanic-acid ghost, can be used for an aluminum oxide and an 
aluminum oxide, for example. Moreover, as a power source 23, the DC power supply of several 100 V are 
used. 

[0062] Moreover, the pulse bias power supply 17 which supplies the pulse bias of the amplitude of 20V- 
1000V is connected to the lower electrode 15 (15A, 15B) through the blocking capacitors 19A and 19B 
which cut DC component, respectively. 

[0063] Although explained untif now, using 2 pole type as an electrostatic chuck, other electrostatic 
chucks, for example, a unipolar system and n pole type (n>=3), of a method are sufficient. 
[0064] When performing etching processing, the sample 40 which is the object of processing is laid on the 
lower electrode 15 of the processing room 10, and is adsorbed by the electrostatic chuck 20. On the other 
hand, gas required for etching processing of a sample 40 is supplied to the processing room 10 through the 
gas induction room 34 from the gas supply section 36. Evacuation of the outside room 1 1 is carried out by 
the vacuum pump 18, and it is evacuated so that the processing room 10 may become the processing 
pressure force of a sample, for example, 0.4~4.0Pa, (pascal). Next, from RF generator 16, 50MHz - 200MHz 
high-frequency power is outputted desirably, and 30MHz - 300MHz of raw gas of the processing room 10 is 
plasma-ized. 

[0065] Electronic cyclotron resonance is produced between the up electrode 12 and the lower electrode 
15, it is 0.4-4.0Pa in low gas pressure, and the plasma of a high consistency is made to generate in this 
case by 30 thru/or 300MHz high-frequency power, and the part of the static magnetic field 10 gauss or 
more 110 gauss or less formed of the magnetic field means forming 200. 

[0066] On the other hand, a period impresses the bias of 0.05-0.4 to the lower electrode 15 preferably for 
0.1 microseconds to 10 microseconds on electrical potential differences 20V-1000V from the pulse bias 
power supply 1 7, the duty of a pulse part forward in 0.2 microseconds - 5 microseconds controls the 
electron and ion in the plasma, and etching processing to a sample 40 is performed. 

[0067] After etching gas is made desired distribution with the gaseous diffusion plate 32, it is poured into 
the processing room 10 through the hole 38 which ended to the up electrode 12 and the up electrode 
covering 30. 
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[0068] Moreover, using the thing containing carbon, silicon, or these, a fluorine and an oxygen component 
are removed to the up electrode covering 30, and a selection ratio with the substrate of a resist, silicon, 
etc. is raised to it. 

[0069] In order to raise the micro-processing nature of the sample of the diameter of macrostomia r it is 
good to attain stabilization of discharge in a low-gas-pressure field using the thing of the higher frequency 
as RF generator 16 for plasma generating. In this invention, it is the plasma consistency of 5x1010 thru/or 
5x101 1 cnrT3 by low voltage gas (0.4Pa thru/or 4Pa), and in order not to advance dissociation of gas too 
much but to acquire the uniform plasma with the diameter of macrostomia, RF generator 16 for plasma 
production is connected to the up electrode 12, On the other hand, the bias power supply 1 7 for ion energy 
control is connected to the lower electrode 15 which laid the sample, and distance between these two 
electrodes is set to 30 thru/or 100mm. 

[0070] Moreover, 300MHz of electronic cyclotron resonance is preferably produced between the up 
electrode 12 and the lower electrode 15 10 gauss or more 110 gauss or less as RF generator 16 for plasma 
production by the interaction with the part of a static magnetic field 17 gauss or more 72 gauss or less or 
a low frequency (1kHz or less) magnetic field, 30MHz not being found and using VHF (50MHz thru/or 
200MHz). 

[0071] An example of the change of a plasma consistency when changing the frequency of the RF 
generator which generates the plasma, where the magnetic field which produces electronic cyclotron 
resonance is added to drawing 2 is shown. The pressure of the thing and processing room where sample 
offering gas added C4F8 to the argon 2 to 10% is 1Pa. The plasma consistency set the case of f= 2450MHz 
microwave ECR to 1, and has reference-value-ized it In addition, the broken line shows the case where he 
has no magnetic field. 

[0072] In 50 MHz<=f<=200MHz, a plasma consistency does not have about single figure compared with the 
case of microwave ECR, and falls about double figures. Moreover, dissociation of gas also falls and 
unnecessary fluorine atom / molecule, and generating of ion also fall single or more figures. Three or more 
[ 5x1 01 0cm ~ ] processings of low-pressure and a high rate which the plasma with a high consistency is 
acquired moderately and are 0.4 to 4 Pa are attained as an absolute value of a plasma consistency the 
frequency of this VHF band, and by using cyclotron resonance. Furthermore, in order that dissociation of 
gas may not progress too much, either, a selection ratio with substrates, such as Si and SiN, is not greatly 
worsened to the insulator layer of Si02 grade. 

[0073] In 50 MHz<=f<=200MHz, although dissociation of gas progresses for a while compared with the 
13.56MHz conventional parallel plate electrode, the fluorine atom / molecule by this, and the slight 
increment in ion can install the matter which contains silicon and carbon in an electrode surface or a 
chamber wall surface, and can improve. Or further, by adding bias to this electrode surface and chamber 
wall surface, a fluorine can be combined with carbon or silicon and can be discharged, or hydrogen and a 
fluorine are combined using the gas containing hydrogen, and it can discharge and improve. 
[0074] If 200MHz or more of frequencies of an RF generator is set especially to 300MHz or more, a plasma 
consistency will become high, but since dissociation of gas becomes excessive, the increment in a fluorine 
atom / molecule, or ion becomes large too much and a selection ratio with substrates, such as Si and SiN, 
is worsened greatly, it is not desirable, 

[0075] An electron sh ows the energy gain k acquired from RF electric field to drawing 3 at the time of 
cyclotron resonance and no resonating. Energy which an electron obtains in 1 period of a RF at the time of 
a non-magnetic field is set to e0, and it is a cyclotron-resonance magnetic field. Energy which an electron 
obtains in 1 period of a RF when Bc=2pif- (m/e) is impressed When referred to as el, e1 and eO become 
like several 1 . 
[0076] 
[Equation 1] 

e 0 = (—a ^ 

2m \ Ctf 2 +v zJ 

6i= E 2 D f 1 + 1 

4m \ v 2 + (ca - wc) ! v 2 + {cu + wc) 2 

[0077] k is expressed with a degree type when these ratios (= e1/e0) are set to k. However, m:mass of 
electrons, electronic charge, f: Impression frequency K= (nu2+omega2) (1/2) {1/(nu2+(omega-omegac) 2)+ 
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(1/(nu2+(omega+omegac) 2))} 

However, nu: Collision frequency omega[ omega: excitation angular frequency and ] c: The value of k 
becomes so large that a frequency is so high that gas pressure is low at general cyclotron angular 
frequency. Drawing 3 is the case of Ar (argon) gas, and is set to k>-150 by f>=50MHz in the pressure of P= 
1Pa, and dissociation is promoted under low gas pressure compared with the time of there being no 
magnetic field. The cyclotron-resonance effectiveness becomes small quickly on the frequency of about 
20MHz or less in the pressure of P= 1Pa. On the frequency of 30MHz or less, there are few cases where 
he has no magnetic field, and differences, and the cyclotron-resonance effectiveness is small so that it 
may understand also in the property shown in drawing 2 . 

[0078] In addition, although the cyclotron-resonance effectiveness will increase if gas pressure is made 
low, in 1Pa or less, the electron temperature of the plasma increases and the opposite effect that 
dissociation progresses too much becomes large. In order to suppress too much dissociation of gas and to 
make a plasma consistency into about [ 5x1 01 0cm " / 3 or more ], 4Pa for about 1 to 4Pa is preferably 
good from 0.4Pa as a pressure of gas. 

[0079] In order to demonstrate the cyclotron-resonance effectiveness, it is necessary to make the value 
of k or more into dozens. In order to use the cyclotron-resonance effectiveness effectively, without 
advancing dissociation of gas too much so that clearly also from drawing 2 or drawing 3 , by the pressure 
of 0.4Pa thru/or 4Pa, as an RF generator for plasma production, gas pressure does not have 30 and needs 
to use preferably 300MHz of 50 thru/or 200MHz VHR 

[0080] Drawing 4 shows variation deltaV of the ion acceleration voltage VDC by which induction is carried 
out to the sample when impressing 68MHz high-frequency power, and the induced voltage VDC in a sample 
while it grounds an up electrode by the conventional magnetron method chamber and gives the field B of a 
uniform longitudinal direction on a lower electrode. If the reinforcement of a magnetic field B is raised, the 
ion acceleration voltage VDC will become small according to the Lorentz force committed into an electron, 
and a plasma consistency will increase. However, in the case of the conventional magnetron discharge 
mold, since the reinforcement of a magnetic field B is as large as about 200 gauss, the homogeneity within 
the field of a plasma consistency gets worse, variation deltaV of induced voltage becomes large, and there 
is a fault in which the damage of a sample increases. 

[0081] In order to make deltaV into or less 1 / five to 1/10 from drawing 4 compared with the case of 200 
gauss of the conventional magnetron discharge mold, the reinforcement of a magnetic field B is [ from / 
when it loses a damage in near a sample side that the small value of 15 gauss or less costs 30 gauss or 
less preferably ] desirable. 

[0082] A cyclotron-resonance field is the middle of the up electrode 12 and the lower electrode 15, and is 
formed in a mist and up electrode side from the mid-position of two electrodes. An axis of abscissa shows 
the distance from the sample side (lower electrode 15) to the up electrode 12, and, as for drawing 5 , the 
axis of ordinate shows the magnetic field. The examples of drawing 5 are conditions (impression frequency 
f1=100MHz, Bc=37.5G, and electrode spacing =50mm), and the ECR field is formed near 30mm from the 
sample side. 

[0083] Thus, in this invention, the part which serves as max of a magnetic field component parallel to the 
lower electrode 15 (sample installation side) between the up electrode 12 and the lower electrode 15 is set 
to an up electrode surface or upper part [ middle / of two electrodes ] electrode side. By this, magnetic 
field strength parallel to the sample in a lower electrode surface is preferably made into 15 gauss or less 30 
gauss or less, low RENTSUKA (ExB) which works into an electron near a lower electrode surface can be 
made into a small value, and generating of the heterogeneity within the field of the plasma consistency by 
the electronic drift condenser by low RENTSUKA in a lower electrode surface can be abolished. 
[0084] According to the magnetic field means forming 200 of the example of drawing 1 , as shown in 
drawing 6 , an ECR field is formed in the location of the almost same height from the lower electrode 15 
(sample installation side) except for near the center section of the sample. Therefore, uniform plasma 
treatment can be performed to the sample of the diameter of macrostomia. However, near the core of a 
sample, the ECR field is formed in the high location from the sample installation side. Since there is 
distance of 30mm or more between an ECR field and a sample base and ion and a radical trial are diffused 
and equalized between them, there is no problem in the usual plasma treatment. However, in order to carry 
out plasma treatment of the whole surface of a sample to homogeneity, it is desirable to be formed so that 
an ECR field may continue all over a sample and the ECR field of the outside of the location of the same 
height or a sample may become close to a sample base side a little rather than the ECR field near a core 
from a sample side. This cure is stated to a detail later. 

[0085] As stated above, since dissociation of gas is advanced by the electron cyclotron resonance, using 
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30 thru/or 300MHz high-frequency power as RF generator 16 for plasma generating, in the example of this 
invention shown in drawing 1 f the plasma to which the gas pressure in the processing room 10 was 
stabilized by even the bottom of low voltage of 0.4Pa thru/or 4Pa is acquired. Moreover, since the collision 
of the ion in the inside of a sheath decreases, on the occasion of processing of a sample 40, the directivity 
of ion can increase and perpendicular micro-processing nature can be raised. 

[0086] The perimeter of the processing room 10 makes min adhesion of the unnecessary deposit object to 
the part outside the ring 37 for [ discharge ****** ] while aiming at improvement in ** and a plasma 
consistency to make the sample 40 neighborhood localize the plasma with the ring 37 for [ discharge 
] 

[0087] In addition, as a ring 37 for [ discharge ****** ], semi-conductors and electric conduction material, 
such as carbon, silicon, or SiC, are used. If this ring 37 for [ discharge ****** ] is connected to an RF 
generator and the spatter by ion is produced, while reducing depository adhesion to a ring 37, the removal 
effectiveness of a fluorine can also be given. 

[0088] In addition, since a fluorine can be removed when performing plasma treatment using the gas which 
contains a fluorine for the insulator layer of Si02 grade if the susceptor covering 39 containing carbon, 
silicon, or these is formed on the insulator 13 of the circumference of a sample 40, it is useful to 
improvement in a selection ratio. In this case, if thickness of the insulator 13 for the lower part of the 
susceptor covering 39 is made thin to 0.5mm - about 5mm so that a part of power of bias power supply 17 
may be impressed to the susceptor covering 39, the above-mentioned effectiveness will be promoted by 
the spatter effectiveness by ion. 

[0089] Moreover, on both sides of the electrostatic adsorption film 22 of a dielectric, an electrostatic 
adsorption circuit is formed through the lower electrode 15 (15A, 15B) and a sample 40 of the potential of 
DC power supply 23. In this condition, according to electrostatic force, a sample 40 is stopped by the lower 
electrode 15 and held. Heat-conduction gas, such as helium, nitrogen, and an argon, is supplied to the rear 
face of the sample 40 stopped according to electrostatic force. Although the crevice of the lower electrode 
15 is filled up with heat-conduction gas, the pressure is made into about thousands of pascals from 
hundreds of pascals. In addition, most electrostatic adsorption power is zero between the crevices in which 
the gap was prepared, and it can be considered that electrostatic adsorption power has occurred only in 
the heights of the lower electrode 15. However, since an electrical potential difference can be appropriately 
set as DC power supply 23 and the adsorption power which can bear the pressure of heat-conduction gas 
enough can be set up so that it may state later, a sample 40 moves by heat-conduction gas, or it is not 
flown. 

[0090] By the way, the electrostatic adsorption film 22 acts so that a bias operation of the pulse bias to 
the ion in the plasma may be reduced. It is not actualizing, although this operation is produced also by the 
conventional approach which is carrying out bias using the sinusoidal power source. However, on the pulse 
bias, since the description that ion ENEGI width of face is narrow falls victim, a problem becomes large. 
[0091] In this invention, in order to control the rise of the electrical potential difference generated among 
the both ends of the electrostatic adsorption film 22 with impression of pulse bias and to heighten the 
effectiveness of pulse bias, one description is to have established the electrical-potential-difference 
control means. 

[0092] It is good to constitute so that change (VCM) of the electrical potential difference in a round term 
of the bias voltage produced among the both ends of an electrostatic adsorption film with impression of 
pulse bias as an example of an electrical-potential-difference control means may become 1/2 or less [ of 
the magnitude (****) of pulse bias voltage ]. There is a method of increasing the electrostatic capacity of 
a dielectric by making thin thickness of the electrostatic adsorption film which specifically consists of a 
dielectric prepared in the front face of the lower electrode 15, or using a dielectric as an ingredient with a 
large dielectric constant. 

[0093] Or there is also the approach of shortening the period of pulse bias voltage and controlling the rise 
of an electrical potential difference VCM as other electrical-potential-difference control means, again. 
Furthermore, the method of separating into another location, for example, electrode with a sample another 
[ the electrode by which arrangement maintenance is carried out ] which counters, or the third electrode 
prepared independently, and preparing an electrostatic adsorption circuit and a pulse bias voltage 
impression circuit is also considered. 

[0094] Next, change (VCM) of an electrical potential difference and the relation of pulse bias voltage which 
are produced among the both ends of the electrostatic adsorption film in a pulse bias round term which 
should be brought about by the electrical-potential-difference control means in this invention are stated to 
a detail using drawing 7 - drawing 13 . 



http://www4.ipdl. ncipLgojp/cgi-bin/tran_web_cgi_ejje 



2006/12/19 



JP,1 0-261 498.A [MEANS] 9/19 

[0095] First, the desirabte example of an output wave used in the pulse bias power supply 17 of this 
invention is shown in drawing 7 . Inside of drawing, pulse amplitude: vp r Pulse period:T0 and forward 
direction pulse width:T1 It carries out. 

[0096] When the wave of drawing 7 (A) is impressed to a sample via a blocking capacitor and the dielectric 
layer for electrostatic adsorption (it is hereafter called an electrostatic adsorption film for short), the 
potential wave on the front face of a sample in the steady state in the condition of having generated the 
plasma according to another power source is shown in drawing 7 (B), 

however, wave-like dc-component electrical potential difference : floating potential [ of the VDC plasma ]: 
— maximum electricahpotential-difference [ in a round term of the electrical potential difference produced 
among the both ends of Vf electrostatic adsorption film ]: — it is referred to as VCM. 
[0097] The inside of drawing 7 (B), and Vf The becoming part (I) I [ used as a forward electrical potential 
difference ] Is a part which has mainly drawn only the electron current, and it is Vf. A negative part is the 
part which has drawn the ion current, and Vf. A part is a part (Vf is usually severalV-about tenv) which an 
electron and ion hang and suit, 

[0098] In addition, in explanation of drawing 7 (A) and future, the capacity of a blocking capacitor and the 

capacity by the insulator of the sample surface neighborhood assume that it is sufficiently large compared 

with the capacity (it is called electrostatic adsorption capacity for short below) by the electrostatic 

adsorption film. The value of VCM is expressed with the following formula (several 2). 

[0099] 

[Equation 2] 

q 'iXOVTQ 

— " < CrEo ,d)XK S2 

[0100] However, q: (T0-T1) The ion current consistency which flows into a sample at a period (average) 
c: Electrostatic adsorption capacity per unit area (average) 

ii : ion current consistency epsilonr : Specific inductive capacity d of an electrostatic adsorption film: 
Thickness of an electrostatic adsorption film epsilon 0 : Dielectric constant in a vacuum (constant) 
K: Electrode coverage of an electrostatic adsorption film «=1) 

To drawing 8 and drawing 9 , pulse duty ratio: (T1/T0) is TO, while it is fixed. The potential wave on the 
front face of a sample at the time of making it change and the probability distribution of ion energy are 
shown. However, it is referred to as T01 and T02:T03:T04:T05=1 6:8:4:2:1 . 

[0101] As shown in (1) of drawing 8 , it is the pulse period TO. If too large, it separates from the potential 
wave on the front face of a sample greatly from a square wave; and it becomes a triangular wave, and as 
shown in drawing 9 , it becomes fixed distribution and is not desirable [ ion energy ] to the higher one from 
the lower one. 

[0102] As shown in (2) - (5) of drawing 8 , it is the pulse period TO. (VCM/vp) serves as a value smaller 
than 1, and ion energy distribution also becomes narrow as it is made small. 

[0103] drawing 8 and drawing 9 — setting — T0=T01, and TO02, T03 t T04 and T — 05= (VCM/vp) 1, 0.63, 
0.31, and 0. — 16 and 0.08 are supported. Next, the relation of the maximum electrical potential difference 
VCM in a round term of the electrical potential difference produced between the OFF (T0-T1) period of a 
pulse and the both ends of an electrostatic adsorption film is shown in drawing 10 . 

[0104] When the coat of about 50% of an electrode (K= 0.5) is carried out using a titanium oxide content 
alumina (epsilonr=10) with a thickness of 0.3mm as an electrostatic adsorption film, it is ion current 
consistency ii =5 mA/cm2. The thick wire (line of standard conditions) of drawing 10 shows the value 
change of VCM in the inside of the semi-gross density plasma. 

[0105] The electrical potential difference VCM produced among the both ends of an electrostatic 
adsorption film as the OFF (T0-T1) period of a pulse becomes large so that clearly from drawing 10 is the 
pulse voltage vp which serves as a big value in proportion to it, and is usually used. It will become above. 
[0106] For example, it sets to a plasma etching system and is usually by gate etching by selectivity with a 
damage, a substrate, or a mask, a configuration, etc. By 20volt <= vp <=100volt metal etching By SOvolt <= 
vp <=200volt oxide film etching It is restricted to 250volt <- vp <=1000volt. 

[0107] When it is going to fulfill the below-mentioned conditions of <=(VCM/vp) 0.5, in reference condition, 
the upper limit of (T0-T1) is as follows. 

By gate etching (T0-T1) By <™0.15-microsecond metal etching (T0-T1) By <=0.35-microsecond oxide film 
etching (T0-T1) TO is 0.1 microseconds at <=1.2microsecond and time. If it becomes near, since the 
impedance of an ion sheath will approach the impedance of the plasma or will become less than [ it ], while 
producing generating of the unnecessary plasma, bias power supply is no longer used effective in 
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acceleration of ion. For this reason, since the controllability of the ion energy by bias power supply gets 
worse, TO has 0.2 preferably good microseconds or more 0.1 microseconds or more. 

[0108] Therefore, vp In the gate etcher pressed down low, withstand voltage is not reduced, and it is thin T 
for example, it necessary for specific inductive capacity to change the ingredient of an electrostatic 
adsorption film into 10-100, and a high thing (for it to be epsitonr =25 at Ta 203), or to set desirably 10 
micrometers - 400 micrometers of thickness to 10 micrometers - 100 micrometers. 
[0109] In drawing 10 , the value of VCM at the time of making the electrostatic capacity c per unit area 
increase by 2.5 times, 5 times, and 10 times, respectively was also written together. Even if it improves an 
electrostatic adsorption film, if the improvement which increases electrostatic capacity c several times is 
regarded as a limit and sets to VCM<=300 volt and c<=10c0 T 0.1microsecond<=(T0~T1) <=10microsecond 
will come in the present condition. A part effective in plasma treatment is a part of (T0-T1) by acceleration 
of ion, and the smaller possible one as pulse duty (T1/T0) is desirable. 

[01 10] It is drawing 1 1 which was estimated by (VDC/vp) as effectiveness of plasma treatment which also 

considered the time average. It is desirable to make (T1/T0) small, and to enlarge (VDC/vp). 

[01 1 1] If 0.5 <= (VDC/vp) is assumed as effectiveness of plasma treatment and the below-mentioned 

conditions and <=(VCM/vp) 0.5 are put in, pulse DEYUDI will become about <=(T1/T0) OA 

[0112] In addition, although pulse DEYUDI (T1/T0) is so effective in control of ion energy that it is small, if 

it is made small beyond the need, pulse width T1 will serve as a small value which is about 0.05 

microseconds, and separation with a high frequency component for plasma generating which comes to 

contain many dozens of MHz frequency components, and mentions them later also becomes difficult. As 

shown in drawing 1 1 , the falls of (VDC/vp) between 0 «T1/T0) <=0.05 are few, and especially a problem 

is not produced or more in 0,05 as (T1/T0). 

[0113] Here shows the ion energy dependency of the etching rates ESi and ESi02 of the silicon when 
plasma-izing chlorine gas 1 .3Pa, and the oxide film of a substrate as an example of gate etching to drawing 
j_2 , The etching rate ESi of silicon becomes constant value in low ion energy. Ion energy also increases 
ESi according to the increment in ion energy beyond about 10V, Ion energy is 0 or less about 20V, and if 
about 20V is exceeded, ESi02 will increase the etching rate ESi02 of the oxide film which serves as a 
substrate on the other hand with ion energy. 

[0114] Consequently, the field where selection-ratio ESi/ESi02 with a substrate becomes [ ion energy ] 
infinity or less about 20V exists. As for selection-ratio ESi/ESi02 with a substrate, ion energy falls quickly 
with the increment in ion energy beyond about 20V. 

[01 15] ethyne great of an oxide film and silicon when drawing 13 plasma-izes C4F8 gas I.OPa as an 
example of etching of the oxide films (Si02, BPSG, HISO, etc.) which are kinds of an insulator layer — ion 
energy distribution of ESi02 and ESi is shown. 

[01 16] In low ion energy, the etching rate ESi02 of an oxide film serves as a negative value, and produces 
a depository. In the 400V neighborhood, ESi02 just starts quickly and ion energy increases gradually after 
that. The etching rate ESi of the silicon which serves as a substrate on the other hand serves as (+) and 
(etching) from (-) and (etching), and increases from ESi02 gradually in the high place of ion energy. 
[01 17] Consequently, the selection ratios ESi02/ESi with a substrate in the neighborhood which changes 
from (-) to (+) infinity It becomes and ESi02/ESi falls quickly with the increment in ion energy more than 
by it. [ ESi02 ] 

[0118] To application in an actual process, in consideration of ESi, the value of ESi02, ESi/ESi02, and the 
magnitude of the value of ESi02/ESi r bias power supply is adjusted and ion energy is made into a proper 
value by drawing 12 and drawing 13 . 

[0119] Moreover, just etching (etching until the substrate film appears) gives priority to the magnitude of 
an etching rate, and just, if after dirty gives priority to the magnitude of a selection ratio and ion energy is 
just changed into dirty order, a still better property will be acquired. 

[0120] By the way, the property shown in drawing 12 and drawing 13 is a property when the energy 
distribution of ion is limited to a narrow part. Since each etching rate when the energy distribution of ion is 
large serves as the time average value, it will not be able to be set as an optimum value but a selection 
ratio will fall sharply. 

[0121] According to the experiment, when (VDC/vp) was or less 0.3 extent, the breadth of ion energy 
became about **15% or less, and 30 or more high selection ratios were obtained also in the property of 
drawing 1 2 or drawing 13 . Moreover, when it was <=(VDC/vp) 0.5, the improvement of a selection ratio 
etc. was able to be aimed at compared with the conventional sinusoidal bias method. 
[0122] thus, as an electrical-potential-difference control means to suppress the electrical-potential- 
difference change (VCM) during a round term of the pulse voltage produced among the both ends of an 
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electrostatic adsorption film That VCM constitutes so that it may become 1/2 or less [ of the magnitude 
vp of pulse bias voltage ] often and specifically The capacity of a dielectric can be increased by making 
thin thickness of the electrostatic chuck film 22 of the dielectric prepared in the front face of the lower 
electrode 15, or using a dielectric as an ingredient with a large dielectric constant. Or the period of pulse 
bias voltage is made it is desirable and as short as 0.2 microseconds - 5 microseconds (repeat frequency: 
correspond to 0.2MHz - 5MHz) for 0.1 microseconds to 10 microseconds, and electrical-potential- 
difference change of the both ends of an electrostatic adsorption film is controlled for pulse DEYUDI 
(T1/T0) as 0.05 <=(T1/T0) <==0.4. 

[0123] Or you may make it fulfill the conditions of <=(VCM/vp) 0.5 which change of the electrical potential 
difference VCM produced among the both ends of an electrostatic adsorption film described above again 
combining some of thickness of the electrostatic adsorption film of the above-mentioned dielectric, 
specific inductive capacity of a dielectric, and periods of pulse bias voltage. 

[0124] Next, the example which used the vacuum processing room of drawing 1 for etching of insulator 
layers (for example, Si02, SiN, BPSG, etc.) is described 

[0125] As gas, the thing of a presentation of CO:10 - 20%, is used C4F8:1-5% r Ar:90-95%, 02:0-5% or 
C4F8:1-5%, Ar:70-9O%, and 02:0-5%. As RF generator 16 for plasma generating, stabilization of discharge in 
a 1-3Pa low-gas-pressure field is measured using a frequency higher than before, for example, a 40MHz 
thing. 

[0126] In addition, when dissociation beyond the need advances by RF-ization of RF generator 16 for the 
sources of the plasma, the output of RF generator 16 is turned on and off or level modulation controlled by 
the source 161 of an RF generator modulating signal. At the time of a high level, generation of ion prospers 
compared with generation of a radical, and when it is a low, generation of a radical prospers compared with 
generation of ion. As ON (or high level at time of level modulation) time amount, 20 microseconds - about 
150 microseconds of periods are used for 10 to 100 microseconds about 5 to 50 microseconds as off time 
amount (or low at the time of a level modulation). While this prevents unnecessary dissociation, a desired 
ion-radical ratio can be obtained, 

[0127] Moreover, the modulation period of the RF generator for the sources of the plasma usually becomes 
long compared with the period of pulse bias. Then, the improvement of a selection ratio was completed by 
making the modulation period of the RF generator for the sources of the plasma into the integral multiple 
of the period of pulse bias, and optimizing the phase between two. 

[0128] On the other hand, impression of pulse bias voltage performs the ion in the plasma, and ion energy 
is controlled acceleration and by making it put perpendicular ON in a sample. As pulse bias power supply 
17, by using the power source of pulse amplitude:****-800V pulse period:T=0.65microsecond and pulse 
width:T1"0.15microsecond, the distribution width of face of ion energy became **15% or less, and the 
plasma treatment with the sufficient property of 20-50 as Si of a substrate or a selection ratio with SiN 
became possible. 

[0129] Next, the plasma etching system of 2 electrode molds which become other examples of this 
invention by drawing 14 is explained. Although this example is the same configuration, it differs from having 
been shown in drawing 1 in that the lower electrode 15 holding a sample 40 has composition equipped with 
the electrostatic chuck 20 of a unipolar system. The dielectric layer 22 for electrostatic adsorption is 
formed in the upper front face of the lower electrode 15, and the plus side of DC power supply 23 is 
connected to the lower electrode 15 through the coil 24 for a high frequency component cut. Moreover, 
the pulse bias power supply 17 which supplies the forward pulse bias of 20V-1000V is connected through 
the blocking capacitor 19. 

[0130] While installing the rings 37A and 37B for [ discharge ****** ] in the perimeter of the processing 
room 10 and aiming at improvement in a plasma consistency, adhesion of the unnecessary deposit object 
to the part besides ring 37for [ discharge ****** ] A and 37B is made into min. In the rings 37A and 37B of 
drawing 14 for [ discharge ****** ], the diameter of the soil hand part of ring 37A for [ discharge ****** ] 
by the side of a lower electrode is made smaller than the diameter of the soil hand part of ring 37B for 
[ discharge ****** ] by the side of an up electrode, and makes distribution of the resultant in the sample 
circumference uniform. 

[0131] In addition, semi-conductors and conductors, such as carbon, silicon, or SiC, are used for the side 
which faces a processing room side at least as an ingredient of the rings 37A and 37B for [ discharge 
****** ]. Moreover, 100K-13.56MHz bias-power-supply 17A for discharge ****** rings is connected to 
lower electrode side ring 37A through capacitor 19A, it constitutes [ike, and while reducing depository 
adhesion to the rings 37A and 37B by the spatter effectiveness of ion for which a part of power of the high 
periphery power source 16 is impressed to up electrode side ring 37B, the removal effectiveness of a 
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fluorine is also given. 

[0132] In addition, 13A and 13C of drawing 14 are an insulator which consists of aluminas etc. t and 13B is 
an insulator which has conductivity, such as SiC, glassy carbon, and Si. 

[0133] when the conductivity of Rings 37A and 37B is low, conductors, such as a metal, are built in in ring 
37A and 37B — making — the front face of a ring, and internal organs — by narrowing distance of a 
conductor, high-frequency power can carry out that it is easy to emanate from the front face of Rings 37A 
and 37B f and can heighten the spatter effectiveness. 

[0134] As for the up electrode covering 30, only the circumference is usually fixed to the up electrode 12 
with a bolt 250. Gas is supplied to the up electrode covering 30 through the gas induction room 34, the 
gaseous diffusion plate 32, and the up electrode 12 from the gas supply section 36. In order that the hole 
prepared in the up electrode covering 30 may make abnormality discharge in a hole hard to generate, it is 
the pore of the diameter of 0,3-1 mm T and the gas pressure of the up electrode covering 30 upper part 
becomes several [ of one atmospheric pressure / 1/] to about 1/10. For example, the force about 100kg or 
more is added as a whole to the up electrode covering 30 of the diameter of 300mm. For this reason, the 
up electrode covering 30 becomes convex to the up electrode 12, and produces a clearance hundreds of 
microns or more near a center section. 

[0135] In this case, if about 30MHz or more of frequencies of the source 16 of high frequency becomes 
high, the phenomenon in which it becomes impossible to disregard longitudinal direction resistance of the 
up electrode covering 30, and the plasma consistency near a center section falls especially will come out. 
What is necessary is just to fix the up electrode covering 30 to the up electrode 12 by main approach 
other than the circumference, in order to improve this. In the example of drawing 14 , with the bolt 251 of 
insulators, such as semi-conductors, such as SiC and carbon, or an alumina, several places of the main 
approach of the up electrode covering 30 are fixed to the up electrode 12, and distribution of the RF 
impressed from the up electrode 12 side is made uniform, 

[0136] In addition, the approach of the up electrode covering 30 which fixes a main approach part to the up 
electrode 12 at least is not limited to the above-mentioned bolt 251 at ail, is the whole surface about the 
up electrode covering 30 and the up electrode 12 by the matter with an adhesion operation, or may be 
pasted up in the part of main approach at least. 

[0137] In the example of drawing 1 4 , the sample 40 which is the object of processing is laid on the lower 
electrode 15, and is adsorbed according to the Coulomb force produced among the both ends of the 
electrostatic adsorption film 22 with the positive charge by the electrostatic chuck 20 23, i.e., DC power 
supply, and the negative charge supplied from the plasma. 

[0138] An operation of this equipment evacuates the pressure of the processing room 10 to the processing 
pressure force of a sample, and 0.5-4.0Pa by carrying out evacuation with the another side vacuum pump 
18, laying the sample 40 which should process in the sample base 15, holding by electrostatic force, and 
introducing [ are the same as that of the plasma etching system of 2 electrode molds shown in drawing 
1 , ] raw gas into the processing room 10 by the predetermined flow rate from a gas supply system 36, 
when performing etching processing. Next, RF generator 16 is set to ON, between two electrodes 12 and 
15, the high-frequency voltage of 30MHz - 100MHz is impressed preferably, and 20MHz - 500MHz of 
plasma is generated. On the other hand, 20V-1000V, and a period impress the forward pulse bias voltage 
for 0.2 microseconds - 5 microseconds to the lower electrode 15 preferably for 0,1 microseconds to 10 
microseconds from the pulse bias power supply 17, the plasma in the processing room 10 is controlled, and 
etching processing is performed in a sample 40. 

[0139] impression of such pulse bias voltage — the ion in the plasma, or ion — and — and highly precise 
configuration control or selection-ratio control is performed for an electron in a sample acceleration and by 
making it put perpendicular ON. The property required for the pulse bias power supply 17 and the 
electrostatic adsorption film 22 is the same as that of the example of drawing 1 , and is omitted for details. 
[0140] Next, drawing 15 thru/or drawing 1 7 explain other examples of this invention. Although this example 
is the same configuration as the plasma etching system of 2 electrode molds shown in drawing 1 , the 
configurations of the magnetic field means forming 200 differ. Eccentricity of the core 201 of the magnetic 
field means forming 200 is carried out, and it is constituted so that it may drive by the motor 204 centering 
on the shaft equivalent to the center position of a sample 40 and may rotate at the rate of the number of 
per minute thru/or dozens rotations. In addition, the core 201 is grounded. In order to carry out plasma 
treatment of the whole surface of a sample with high precision, compared with near the center section of 
the sample, it is good to enlarge the electronic cyclotron-resonance effectiveness on a periphery or its 
outside compared with a center so that generation of the periphery of a sample or the plasma near [ the ] 
an outside may increase. However, in the case of the example of drawing 1 , as shown in drawing 6 , near 
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the core of a sample, there is no ECR field and the case where a plasma consistency becomes low too 
much near a core comes out. 

[0141] In the example of drawing 15 , when the core 201 the magnetic field means forming 200 carried out 
[the core ] eccentricity rotates, distribution of a magnetic field changes, and near the core of a sample, an 
ECR field is formed in a low location from a sample side, and is formed in a location high from a sample side 
at time-of-day t=1/2T0 by time of day t= 0 and t=T0. As a result of a core's 201 rotating at the rate of the 
number of per minute thru/or dozens rotations, as shown in drawing 1 7 , the average of the magnetic field 
strength of a direction parallel to the sample side in the pars intermedia of two electrodes turns into the 
almost same value by time average-ization by rotation. That is, an ECR field is formed in the location of 
the almost same height from a sample side except for the periphery of a sample. 

[0142] In addition, as the alternate long and short dash line showed in the core 201 section of drawing 1 5 , 
the core which constitutes the magnetic circuit of the side near the core of the center section which 
carried out eccentricity is thin in the thickness, and if the core which constitutes the magnetic circuit of a 
far side thickens the thickness, the homogeneity of magnetic field strength will improve further. 
[0143] Next drawing 18 thru/or drawing 19 explain other examples of this invention. Although this example 
is the same configuration as the plasma etching system of 2 electrode molds shown in drawing 15 , the 
configurations of the magnetic field means forming 200 differ. The core 201 of the magnetic field means 
forming 200 has concave edge 201 A in the location corresponding to the center of a processing room, and 
has edge 201 B besides the side location of a processing room. According to an operation of concave edge 
201 A, magnetic flux B has the inclined direction component. Consequently, distribution of a magnetic field 
changes, and as shown in drawing 19 f compared with the case where the magnetic field strength of a 
component parallel to a sample side is the example of drawing 1 r it is equalized more. 
[0144] Next, drawing 20 explains other examples of this invention. Although this example is the same 
configuration as the plasma etching system of 2 electrode molds shown in drawing 15 , the configurations 
of the magnetic field means forming 200 differ, The core 201 of the magnetic field means forming 200 is 
fixed, and constitutes a magnetic circuit with the core 205 arranged in the location corresponding to the 
center of a processing room. A core 205 rotates the surroundings of the shaft which passes along the core 
of edge 201 A with an insulator 203. Of such a configuration, the average location of the ECR field in near 
the core of a sample is formed in the almost same location from a sample side like the example of drawing 
15 . That is, an ECR field continues ail over a sample and is formed in the location of the almost same 
height from a sample side. 

[0145] Next, the plasma etching system of 2 electrode molds which become other examples of this 
invention by drawing 21 thru/or drawing 22 is explained. The magnetic field means forming 200 equips the 
perimeter of the processing room 10 with two pairs of coils 210,220, and by changing the sense of the field 
which can be put on the coil of each set one by one like arrow heads 1, 2, 3, and 4, it consists of this 
example so that rotating magnetic field may be formed. Center position O-O of a coil 210,220 is located in 
the upper part [ middle / of two electrodes 12 and 15 ] electrode 12 side. 30 gauss or less, this constitutes 
the magnetic field strength on a sample 40 so that it may become 15 gauss or less preferably. By selecting 
the location of a coil 210,220, and an outer diameter suitably, the intensity distribution of a magnetic field 
can be adjusted so that generation of the periphery of a sample or the plasma near [ the ] an outside may 
increase more. 

[0146] Next, drawing 23 and drawing 24 explain the plasma etching system of 2 electrode molds which 
become other examples of this invention. In this example, it has coil 21 0 1 of the pair arranged in the shape 
of radii in a horizontal plane along the perimeter of the circular processing room 10 as magnetic field means 
forming 200. The current which flows to coil 210' of this pair is controlled, and as an arrow head (1) and (2) 
showed, the polarity of a magnetic field is changed to drawing 23 for every fixed period. 
[0147] As a broken line shows to drawing 24 , since magnetic flux B spreads in a processing room core in a 
vertical plane, the magnetic field strength of a processing room core falls. However, since coil 21 0' of a pair 
is curved along a processing room r in a horizontal plane, magnetic flux B gathers in a processing room core. 
Therefore, the magnetic field strength of a processing room core can be raised compared with the example 
of drawing 22 . That is, in the example of drawing 23 , compared with the example of drawing 22 , the fall of 
the magnetic field strength in a processing room core can be controlled, and the homogeneity of the 
magnetic field strength in the sample installation side of a sample base can be raised. 
[0148] Moreover, the drift condenser of ExB is lessened by changing the polarity of a magnetic field for 
every fixed period. 

[0149] In addition, two pairs of the same coils as the example of drawing 22 may be adopted as magnetic 
field means forming 200, 
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[0150] moreover — a magnetic field — means forming — 200 — ****** — circular — a coil — 210 — 
~ replacing with — drawing 25 — being shown — as — being circular — processing — a room — ten — a 
perimeter — meeting — arranging — having had — plurality — a straight line — a coil — a part — 
combination — becoming — a convex — type — a coil — 210 — ' — ****** — being good . Also in this 
case, in a horizontal plane, magnetic flux B comes to gather in a processing room core, and the same 
effectiveness as the example of drawing 23 is acquired. 

[0151] Furthermore, like the example of drawing 26 , the medial axis of one pair of coils is made to incline 
in a vertical plane, and may be arranged so that a sample side may be approached in a processing room 
core. Since according to this example the magnetic field strength of a processing room core can be raised 
and the magnetic field strength of a processing room periphery can be lowered, the homogeneity of the 
magnetic field strength in the sample installation side of a sample base can be raised. In addition, for 
equalization of magnetic field strength, it is good to make theta into the range of 5 times thru/or 25 
degrees whenever [ tilt-angle / of the medial axis of a coil ]. 

[0152] Moreover, as shown in drawing 27 , by installing coil 21 0B and controlling the current of 2 sets of 
coils near the coil 21 OA of a pair, with an ECR resonance location, the inclination of the magnetic field near 
an ECR resonance location can be changed, and the width of face of an ECR resonance region can also be 
changed. By optimizing the width of face of an ECR resonance region for every process, it becomes 
possible to obtain the ion / radical ratio suitable for each process. 

[0153] In addition, the homogeneity of magnetic-field-strength distribution and the control characteristic 
can be further raised by combining suitably the example of drawing 23 thru/or drawing 27 described above 
if needed. 

[0154] Next, the plasma etching system of 2 electrode molds which become other examples of this 
invention by drawing 28 thru/or drawing 29 is explained. In this example, while a part of processing interior 
wall consists of conductors, it is grounded. On the other hand, the magnetic field means forming 200 equips 
the perimeter and the upper part of the processing room 10 with the coi! 230,240. As an arrow head shows, 
the sense of the magnetic flux B formed with a coil 230 and the sense of magnetic-ffux B r formed with a 
coil 230 consist of denial **** and circumference ****** of the processing room 10 mutually in the core 
of the processing room 10 so that it may superimpose mutually. Consequently, the intensity distribution of 
the magnetic field on a sample side become like drawing 29 . And in a part for the installation surface part 
of a sample 40, the sense of the electric-field component between the up electrode 12 and the lower 
electrode 15 and the sense of a field component are parallel. On the other hand, in the lateral part of the 
installation side of a sample 40, it is the periphery of the up electrode 12, or the part of the up electrode 
12 and a processing interior wall, and the field component of the lengthwise direction which intersects 
perpendicularly with a lateral electric-field component arises. 

[0155] therefore, the example of drawing 28 — getting twisted — the cyclotron-resonance effectiveness 
of the electron in near the core of a sample can be lowered, and generation of the periphery of a sample or 
the plasma near [ the ] an outside can be raised. Thus, plasma density distribution can be equalized by 
raising more generation of the periphery of a sample, or the plasma near [ the ] an outside. 
[0156] Next, drawing 30 explains other examples of this invention, this example impresses the high 
frequency f3 about 1MHz or less to the up electrode 12 as bias from the low frequency power source 163, 
when ion energy sufficient in the high-frequency power f1 impressed to the up electrode 12 is not obtained 
from RF generator 16 in the plasma etching system of 2 electrode molds shown in drawing 1 — ion energy 
— 100-200 — it is made to increase about by V In addition, 164,165 is a filter, 

[0157] Next, drawing 31 explains the example of this invention in the plasma etching system of 2 electrode 
molds of a non-magnetic field mold. 

[0158] As stated above, in order to raise the micro-processing nature of a sample, it is good to measure 
stabilization of discharge in a low-gas-pressure field using the thing of the higher frequency as RF 
generator 16 for plasma generating. In the example of this invention, the processing pressure force of the 
sample in the processing room 10 is set to 0.5-4.0Pa. Since the collision of the ion in the inside of a sheath 
decreased by making gas pressure in the processing room 10 into the low voltage of 40 or less mTorrs, on 
the occasion of processing of a sample 40, the directivity of ion increased and perpendicular micro 
processing became possible. In addition, in 5 or less mTorrs, in order to obtain the same processing speed, 
while an exhauster and an RF generator are enlarged, dissociation beyond the need of being based on the 
rise of electron temperature arises, and there is an inclination for a property to deteriorate, 
[0159] Generally, the relation between the frequency of the power source for plasma generating using two 
electrodes of a pair and the minimum gas pressure with which discharge is given to a stabilization target 
that the stable discharge minimum gas pressure falls is, so that the frequency of a power source becomes 
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high and inter-electrode distance becomes large, as shown in drawing 32 . In order to operate effectively 
the effectiveness of avoiding bad influences, such as a surrounding wait and a depository to the discharge 
confinement ring 37, and removing the fluorine and oxygen by the up electrode covering 30, the susceptor 
covering 39, the resist in a sample, etc., it is desirable to set inter-electrode distance to about 50mm or 
less corresponding to 25 or less times of the average free process at the time of highest gas pressure 
40mTorr. Moreover, as an inter-electrode distance, if it is not more than two to 4 time (4mm - 8mm) 
extent of the average free process at the time of the highest gas pressure (40mTorr), stable discharge will 
become difficult 

[0160] In the example shown in drawing 31 , in order to use 30MHz - 200MHz high-frequency power 
desirably, even if it makes 20MHz - 500MHz of gas pressure of the processing interior of a room into the 
low voltage of 0.5~4.0Pa as RF generator 16 for plasma generating, the stable plasma is acquired and 
micro-processing nature can be raised. Moreover, by using such high-frequency power, dissociation of the 
gas plasma becomes good and the selection-ratio control at the time of sample processing becomes good. 
[0161] In the example of this invention described above, possibility that interference will arise between the 
output of pulse bias power supply and the output of the power source for plasma generating is also 
considered. Then, this cure is described hereafter. 

[0162] First, pulse-width:T1> a pulse period: In the ideal rectangular pulse which has the standup / falling 
rate of infinity by TO, as shown in drawing 33 , f<=3f of about 70 - 80% of power is contained in the 
frequency range of 0 (f0= (1/T1)). Since the wave actually impressed starts and becomes limited 
[ a /falling rate ], the convergency of power improves further and f<=3f of about 90% or more of power can 
be contained in the frequency range of 0. 

[0163] 3f0 It is 0 f<=3f to 3f0 which prepares a counterelectrode almost parallel to a sample and can be 
found in the-three number of degree types in order for pulse bias with a high frequency component to be 
made to be impressed in a sample side by homogeneity. It is desirable to ground the frequency component 
of the range. 
[0164] 
[Equation 3] 

T^0.2/*sfcT3£ 3f 0 =3-~|-=15MHz 

T,=0.1 j*stt 5 £ 3f c = 30MHz St 3 

[0165] The example shown in drawing 31 is coping with interference with the above-mentioned pulse bias- 
power-supply output and the power outlet for plasma generating. That is, in this piasma etching system, RF 
generator 16 for plasma generating is connected to a sample 40 and the up electrode 12 which counters. In 
order to make the section electrode 12 into the touch-down level of pulse bias besides, it is the frequency 
f1 of RF generator 16 for plasma generating. Above 3f0 It enlarges and is f=f1. The impedance in the 
neighborhood is large and the band eliminator 141 with a low impedance is connected between the up 
electrode 12 and touch-down level on other frequencies. 

[0166] On the other hand, it is f=f1. The impedance in the neighborhood is low and other frequencies install 
the band pass filter 142 with a high impedance between the sample base 15 and touch-down level. If such 
a configuration is used, interference between the output of the pulse bias power supply 17 and power- 
source 16 output for plasma generating can be suppressed on satisfactory level, and good bias can be 
added to a sample 40. 

[0167] Drawing 34 is the example which is an inductive-coupling mold discharge method among external 
energy supply discharge methods, and applied this invention to the non-magnetic field type plasma etching 
system. It is the RF generator to which 52 impresses a flat-surface coil to a flat-surface coil, and 54 
impresses the high-frequency voltage of 10MHz - 250MHz r Compared with the method having shown the 
inductive-coupling mold discharge method in drawing 10 , it is a low frequency and low voltage and stable 
plasma generating are attained. On the contrary, since dissociation becomes easy to progress, as drawing 1 
showed, the output of RF generator 1 can be modulated by the source 161 of an RF generator modulating 
signal, and unnecessary dissociation can be prevented. The processing room 10 as a vacuum housing is 
equipped with the sample base 15 where a sample 40 is laid on the electrostatic adsorption film 22. 
[0168] When performing etching processing, the pressure of the processing room 10 is evacuated to 0.5- 
4.0Pa by carrying out evacuation with an another side vacuum pump, laying the sample 40 which should 
process in the sample base 15, holding by electrostatic force, and introducing raw gas into the processing 
room 10 by the predetermined flow rate from a gas supply system (not shown). Next, the high-frequency 
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voltage of 13.56MHz is applied to RF generator 54 t and the processing room 10 is made to generate the 
plasma. Etching processing of the sample 40 is carried out using this plasma. On the other hand, at the 
time of etching, a period impresses the pulse bias voltage for 0.2 microseconds - 5 microseconds to the 
lower electrode 15 preferably for 0.1 microseconds to 10 microseconds. It is as the amplitude of pulse bias 
voltage having stated that the range changes with membrane types in the example of drawing 1 . 
Impression of this pulse bias voltage performs the ion in the plasma, and highly precise configuration 
control or selection-ratio control is performed in a sample acceleration and by making it put perpendicular 
ON. Thereby, even if the resist mask pattern of a sample is very detailed, highly precise etching processing 
can be performed. 

[0169] Moreover, as shown in drawing 35 , in an inductive-coupling mold discharge method non-magnetic 
field type plasma etching system, the Faraday shield plate 53 which has a clearance in the processing room 
10 side of an induction ******** output and the 0.5mm - 5mm thin electric insulating plate 54 for 
shielding plate protection may be installed, and the Faraday shield plate may be grounded. While decreasing 
the capacity component between a coil and the plasma, being able to fall the energy of ton which strikes 
the quartz plate under the coil 52 in drawing 34 , and the electric insulating plate 54 for shielding plate 
protection and lessening damage on a quartz plate or an electric insulating plate by installation of the 
Faraday shield plate 53, mixing of the foreign matter to the inside of the plasma can be prevented. 
[0170] Moreover, since the Faraday shield plate 53 serves also as the duty of the earth electrode of the 
pulse bias power supply 17, it can impress pulse bias to homogeneity between a sample 40 and the Faraday 
shield plate 53. In this case, the filter installed in an up electrode or the sample base 15 is unnecessary. 
[0171] Drawing 36 is the front view which carried out the longitudinal section of some equipments which 
applied this invention to microwave plasma treatment equipment. The pulse bias power supply 1 7 and DC 
power supply 13 are connected to the lower electrode 15 as a sample base 15 where a sample 40 is laid on 
the electrostatic adsorption film 22. 41 is a magnetron as a source of an oscillation of microwave, 42 is the 
waveguide of microwave, and 43 is a quartz plate for carrying out the vacuum lock of the processing room 
10, and supplying microwave to the processing room 10. The first solenoid coil with which 47 supplies a 
magnetic field, and 48 are the second solenoid coil which supplies a magnetic field. 49 is a raw gas supply 
system and supplies the raw gas which processes etching, membrane formation, etc. in the processing 
room 10. Moreover, evacuation of the processing room 10 is carried out by the vacuum pump (not shown). 
The property required for the pulse bias power supply 17 and the electrostatic chuck 20 is the same as 
that of the example of drawing 1 , and is omitted for details. 

[0172] When performing etching processing, the pressure of the processing room 10 is evacuated to 0.5- 
4.0Pa by carrying out evacuation with an another side vacuum pump, laying the sample 40 which should 
process in the sample base 15, holding by electrostatic force, and introducing raw gas into the processing 
room 10 by the predetermined flow rate from a gas supply system 49. Next, the second solenoid coil 47 
and 48 is set to ON, and the processing room 10 is made to generate ******** and the plasma for the 
microwave generated in the magnetron 41 from a waveguide 42 a magnetron 41 and for a start. Etching 
processing is performed in a sample 40 using this plasma. On the other hand, at the time of etching, a 
period impresses the pulse bias voltage for 0.2 microseconds - 5 microseconds to the lower electrode 15 
preferably for 0.1 microseconds to 10 microseconds. 

[0173] Highly precise configuration control or selection-ratio control is performed by accelerating in a 
sample and carrying out incidence of the ion in the plasma perpendicularly by impression of such pulse bias 
voltage. Thereby, even if the resist mask pattern of a sample is very detailed, vertical incidence can 
perform highly precise etching processing corresponding to a mask pattern. 

[0174] In addition, in the plasma etching system of this invention shown below in drawing 1 , the direct 
current voltage of an electrostatic adsorption circuit and the pulse voltage of a pulse bias-power-supply 
circuit can be superimposed and generated, and a circuit can also be constituted in common. Moreover, it 
separates into another electrode, an electrostatic adsorption circuit and a pulse bias-power-supply circuit 
are prepared, and pulse bias can be prevented from affecting electrostatic adsorption. 

[0175] It can replace with the electrostatic adsorption circuit in the example of the plasma etching system 
shown in drawing 1 , and can also use, other adsorption means, for example, vacuum adsorption means. 
[0176] Plasma treatment equipment equipped with the electrostatic adsorption circuit of this invention and 
pulse bias voltage impression circuit which were described above is applicable not only to the etching 
processing described above but plasma treatment equipments, such as a CVD system, by replacing with 
etching gas and adding modification of introducing CVD gas. 

[0177] Next, the conventional fault is improved, ion, the amount of radical formation, and quality are 
controlled by other examples of this invention shown in drawing 37 , and other examples of the plasma 
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etching system which makes very detailed plasma treatment possible are described. 

[0178] That is, the location which performs the first plasma production is set as a location different from a 
vacuum processing room by the upstream of a vacuum processing room which is installing the sample, the 
metastable atom generated there is poured into a vacuum processing room, and it is considering as the 
configuration which generates the second plasma at a vacuum processing room. In addition to the plasma 
etching system shown in drawing 1 , it has the gas supply section 60 for the sources of an ion radical, and 
the plasma generating room 62 for metastable atom generating. Moreover, the introductory root connected 
to the gas supply section for the sources of an ion radical other than the root which introduces the gas 
containing a metastable atom into a vacuum processing room is established in the up electrode 12. 
[0179] The description of this example is as follows. 

** HighHrequency power is impressed, plasmaHze the gas supplied from the gas supply section 36 for 
metastable atom generating at the plasma generating room 62 for metastable atom generating, carry out 
the amount generating of requests of the desired metastable atom beforehand, and make it flow into the 
processing room 10. The plasma generating room 62 for metastable atom generating sets an indoor 
pressure as the high pressure of hundreds mTorr(s) - dozens Torr(s) in order to generate a metastable 
atom efficiently. 

[0180] ** Make the gas from the gas supply section 60 for another side and the sources of an ion radical 
flow into the processing room 10. 

[0181] ** Output the RF of comparatively the fow power in the power source 16 for plasma generating, and 
make the processing room 10 generate the plasma. By impregnation of a metastable atom, since the 
electron of low energy about 5eV or less can also make ion generate efficiently, it is low electron 
temperature (about 6eV or less, preferably about 4eV or less), and little [ sharply ] plasma is acquired for a 
high energy electron about 15eV or more. For this reason, the gas for the sources of a radical can secure a 
complement and quality, without producing superfluous dissociation. On the other hand, the amount of ion 
is controllable by the amount of the metastable atom generated at the plasma generating room 62 for 
metastable atom generating, and the gas for the ion sources from the gas supply section 60 for the 
sources of an ion radical. 

[0182] Thus, since the quality and the amount of ion and radical formation can be controlled, the good 
engine performance is obtained also in very detailed plasma treatment. The gas (C2H4, CH4, CH30H, etc.) 
which contains C and H in fluorocarbon gas, such as CHF3, CH2F2, C4F8, or CF4, as gas for the sources 
of a radical if needed is mixed, and it is. As gas for metastable atom generating, what made **-SU one kind 
or two kinds of rare gas is used. Ion is efficiently generable by using rare gas with the following property 
etc. as gas for the ion sources. 

[0183] At least energy ** of said metastable atom is received, and although the direction like ****** of 
the thing which has at least low ****** of the gas for the ion sources, or the gas for the ion sources is 
high, a thing with the small (about 5eV or less) difference is used. 

[0184] In addition, although it falls efficiently, it cannot add especially as gas for the ion sources, but the 
above-mentioned gas for metastable atom generating and the gas for the sources of a radical can also be 
substituted. 

[0185] Next, other examples of this invention which controls the quality and the amount of ion and radical 
formation to drawing 38 are shown. Although the fundamental idea is the same as drawing 37 , in drawing 
37 , its distance between the plasma room 62 for metastable atom generating and the vacuum processing 
room 10 is long t and it is an example carried out as a cure when attenuation of a metastable atom during 
this period is large. 41 is a magnetron as a source of an oscillation of microwave, 42 is the waveguide of 
microwave, it is a quartz plate for 43 carrying out vacuum **** of the first plasma production room 45, and 
passing microwave, and 44 is a quartz plate for gas distribution. At the first plasma production room 45, the 
plasma is generated by said microwave in the gas pressure of several 100 mTorr(s) to several 10 Torr(s), 
and a metastable atom is generated. 

[0186] In drawing 38 , since the source location of a metastable atom and distance between vacuum 
processing rooms can be shortened as compared with drawing 37 , a metastable atom can be poured into a 
vacuum processing room by the high consistency, and the amount of the ion in the vacuum processing 
room 10 can be increased. The processing room 10 is maintained at the pressure of 5 - SOmTorr, and by 
RF generator 16 20MHz or more, 5eV of high density low electron-temperature plasma of 3 is preferably 
generated cm 1 1th power a set /from the 10th power of 10 in 3eV or less, and ionization of the gas for the 
ion sources is advanced, avoiding dissociation of CF2 which needs 8eV or more as dissociation energy. 
Consequently, on the front face of a sample 40, the following reaction assisted by the incidence of the ion 
accelerated by several 100 V by bias power supply 17 mainly advances. 
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Si02+2CF2 -> In CF2, since Si or SiN used as furring which are SiF4 **+2CO ** were not etched, oxide 
film etching of a high selection ratio of them was attained. 

[0187] Moreover, the increment of F according a part to dissociation in CF2 is decreased with the up 
electrode covering 30 which consists of silicon, carbon, or SiC. 

[0188] As stated in the top, by adjusting the gas for the sources of a radical, and the gas for the ion 
sources, the ratio of the ion in the processing room 10 and a radical could be controlled almost 
independently, and it became easy to control the reaction in the front face of a sample 40 to a desired 
thing. 

[0189] Plasma treatment equipment equipped with the electrostatic adsorption circuit and pulse bias 
voltage impression circuit of this invention is applicable not only to the etching processing described above 
but plasma treatment equipments, such as a CVD system, by replacing with etching gas and adding 
modification of introducing CVD gas, 

[0190] Next, other examples of this invention which controls ion and a radical independently to drawing 39 
are shown. In drawing 39 , the gas (C2H4, CH30H, etc.) which contains C and H in fluorocarbon gas, such 
as CHF3, CH2F2 r C4F8, or CF4, if needed is mixed, and it puts into the plasma generating room 62 for 
radical generating via a bulb 70 from the part which drawing 39 A Becomes. 

[0191] At the plasma generating room 62 for radical generating, the output of the RF power source (several 
MHz or several 10MHz) 63 is impressed to a coil 65, the plasma is generated with the gas pressure of 
several 100 mTorr(s) to several 10 Torr(s), and CF2 radical is mainly generated. CF3 and F which are 
generated in coincidence are decreased by H component. 

[0192] In addition, since it is difficult to decrease components, such as CF and O, sharply at the plasma 
generating room 62 for radical generating, the unnecessary component removal room 65 is formed next. 
Here, the wall of the quality of the materials (carbon, Si, SiC, etc.) containing carbon or Si is installed, and 
an unnecessary component is transformed to reduction or another gas with few bad influences. The outlet 
of the unnecessary component removal room 65 is connected to a bulb 71, and CF2 supplies the gas 
presentation of a principal component. 

[0193] In addition, since deposits, such as a depository object are accumulated between [ many ] a bulb 70 
and a bulb 71, they need cleaning and exchange for a short period of time comparatively. For this reason, 
while making atmospheric-air disconnection and exchange easy, it has connected with an exhauster 74 via 
a bulb 72 for compaction of the vacuum starting time amount at the time of re-starting. In addition, an 
exhauster 74 may be used also [ exhauster / for the processing rooms 10 ]. 

[0194] Moreover, the gas B for the ion sources (rare gas, such as argon gas and xenon gas) is supplied to 
the aforementioned outlet and aforementioned connector processing room of a bulb 71 via a bulb 73. 
[0195] The processing room 10 is maintained at the pressure of 5-40mT, and by RF generator 16 20MHz or 
more which became irregular, 5eV of high density low electron-temperature plasma of 3 is preferably 
generated cm 1 1th power a set /from the 10th power of 10 in 3eV or less, and ionization of the gas for the 
ion sources is advanced, avoiding dissociation of CF2 which needs 8eV or more as dissociation energy. 
Consequently, on the front face of a sample 40 T the following reaction assisted by the incidence of the ion 
accelerated by several 100 V by bias power supply 17 mainly advances. 

Si02+2CF2 -> In CF2, since Si or SiN used as furring which are SiF4 **+2CO ** were not etched, oxide 
film etching of a high selection ratio of them was attained. 

[0196] Moreover, the increment of F according a part to dissociation in CF2 is decreased with the up 
electrode covering 30 which consists of silicon, carbon, or SiC. 

[0197] As stated in the top, by adjusting the gas A for the sources of a radical, and the gas B for the ion 
sources, the ratio of the ion in the processing room 10 and a radical could be controlled almost 
independently, and it became easy to control the reaction in the front face of a sample 40 to a desired 
thing. Moreover, since an unnecessary depository component etc. was eliminated at the unnecessary 
component removal room 65 and he was trying not to carry into the processing room 10 as much as 
possible, the depository in the processing ropm 10 was reduced sharply, and the frequency of cleaning 
where opened the processing room 10 wide to atmospheric air, and it was performed has also reduced it 
sharply. 

[0198] Next, other examples which control ion and a radical independently to drawing 40 are shown. From 
A, it mixes with ion source gas B via through, the unnecessary component removal room 65, and a bulb 71 
in the heating pipe section 66 via a bulb 70, and oxidation hexafluoropropylene gas (it omits CF3CFOCF2 
and Following HFPO) is sent to the way of the processing room 10. In the heating pipe section 66, HFPO is 
heated at 800 degrees C - 1000 degrees C, and the following pyrolysis generates CF2. 
CF3CFOCF2 -> Although the comparatively stable matter is hard to decompose CF2+CF3CFOCF3CFO, 
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since a part is understood and unnecessary O and F are generated, the unnecessary component removal 
room 65 was formed after the heating pipe section 66, and the unnecessary component has been changed 
into the matter out of which removal or a bad influence does not come. A part of CF3CFOCF(s)2 flow into 
the processing room 10 without decomposing, but with the plasma 5eV or less of low electron temperature, 
in order not to dissociate, they do not pose a problem. 

[0199] In addition, the reaction in how to use a bulb 72 and an exhauster 74 and the processing room 10 is 
the same as the case of drawing 39 . 

[0200] Plasma treatment equipment equipped with the electrostatic adsorption circuit and pulse bias 
voltage impression circuit of this invention is applicable not only to the etching processing described above 
but plasma treatment equipments, such as a CVD system, by replacing with etching gas and adding 
modification of introducing CVD gas. 



[Translation done.] 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



2006/12/19 



JP r 10-261498A [DESCRIPTION OF DRAWINGS] 
* NOTICES * 



1/2 K — is 



JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is drawing of longitudinal section of the plasma etching system of 2 electrode molds which 
become one example of this invention, 

[Drawing 2] It is in the condition which added the magnetic field which produces electronic cyclotron 
resonance, and is drawing showing an example of the change of a plasma consistency when changing the 
frequency of the RF generator which generates the plasma. 

[Drawing 31 It is drawing showing the situation of the energy gain k which an electron acquires from RF 
electric field at the time of cyclotron resonance and no resonating. 

[Drawing 4] While grounding the up electrode of a magnetron discharge electrode and giving Field B to a 
lower electrode, it is drawing showing the relation of variation deltaV of the ion acceleration voltage VDC 
by which induction is carried out to the magnetic field strength and the sample when impressing high- 
frequency power, and the induced voltage in a sample. 

[Drawing 5] It is the explanatory view of the magnetic influence of the plasma etching system of drawing 1 , 

[Drawing 6] It is the explanatory view of the ECR field of the plasma etching system of drawing 1 . 
[Drawing 71 It is drawing showing the desirable example of an output wave used in the pulse bias power 
supply of this invention. 

[Drawing 8] Pulse duty ratio: (T1/T0) is TO while it is fixed. It is drawing showing the potential wave on the 
front face of a sample at the time of making it change, and the probability distribution of ion energy. 
[Drawing 9] While it is fixed, it is a pulse duty ratio TO It is drawing showing the potential wave on the front 
face of a sample at the time of making it change, and the probability distribution of ion energy. 
[Drawing 10] It is drawing showing the relation of the maximum electrical potential difference VCM in a 
round term of the electrical potential difference produced between the OFF (T0-T1) period of a pulse, and 
the both ends of an electrostatic adsorption film. 

[Drawing 1 1] It is drawing showing a pulse duty ratio and the relation of (VDC/vp). 

[Drawing 12] It is drawing showing the ion energy dependency of the etching rates ESi and ESi02 of the 
silicon when plasma-izing chlorine gas, and an oxide film. 

[Drawing 1 3] ethyne great of the oxide film and silicon when plasma-izing C4F8 gas as an example of 
etching of an oxide film — it is drawing showing ion energy distribution of ESi02 and ESi. 
[Drawing 14] It is drawing of longitudinal section of the plasma etching system of 2 electrode molds which 
become other examples of this invention. 

[Drawing 15] It is drawing of longitudinal section of the plasma etching system of 2 electrode molds which 
become other examples of this invention. 

[Drawing 16] It is the explanatory view of the magnetic field distribution property of the drawing 15 plasma 
etching system. 

[Drawing 1 7] It is the explanatory view of the ECR field of the plasma etching system of drawing 15 . 
[Drawing 1 8] It is drawing of longitudinal section of the plasma etching system which becomes other 
examples of this invention. 

[Drawing 1 9] It is the explanatory view of the magnetic field distribution property of the plasma etching 
system of drawing 18 . 

[Drawing 20] It is drawing of longitudinal section of the plasma etching system of 2 electrode molds which 
become other examples of this invention. 

[Drawing 21] It is drawing of longitudinal section of the plasma etching system of 2 electrode molds which 
become other examples of this invention. 
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[Drawing 221 It is the explanatory view of the magnetic field distribution property of the plasma etching 
system of drawing 21 . 

[Drawing 23] It is the important section cross-sectional view of the plasma etching system of 2 electrode 
molds which become other examples of this invention. 

[Drawing 24] It is drawing of longitudinal section of the plasma etching system of drawing 23 . 
[Drawing 25] It is drawing showing other examples of magnetic field means forming. 

[Drawing 26] It is drawing of longitudinal section of the plasma etching system of 2 electrode molds which 
become other examples of this invention. 

[Drawing 27] It is drawing of longitudinal section of the plasma etching system of 2 electrode molds which 
become other examples of this invention. 

[Drawing 28] It is drawing of longitudinal section of 2 electrode mold plasma etching system which becomes 
other examples of this invention. 

[Drawing 29] It is the explanatory view of the magnetic field distribution property of the plasma etching 
system of drawing 28 . 

[Drawing 30] It is drawing of longitudinal section of 2 electrode mold plasma etching system which becomes 
other examples of this invention. 

[Drawing 31] It is drawing of longitudinal section of other examples which improved 2 electrode mold 
plasma etching system shown in drawing 1 , 

[Drawing 32] It is drawing showing the frequency of the power source for plasma generating, and the 
relation of the stable discharge minimum gas pressure. 

[Drawing 331 It is drawing having shown the frequency of pulse bias power supply, and the relation of 
accumulation power. 

[Drawing 34] It is drawing of longitudinal section of the example which is an inductive-coupling mold 
discharge method among external energy supply discharge methods, and applied this invention to the non- 
magnetic field type plasma etching system. 

[Drawing 35] It is drawing of longitudinal section of a plasma etching system which becomes other 
examples of this invention. 

[Drawing 36] It is the front view which carried out the longitudinal section of some equipments which 
applied this invention to microwave plasma treatment equipment. 

[Drawing 37] It is drawing of longitudinal section of a plasma etching system which becomes other 
examples of this invention. 

[Drawing 38] It is the front view which becomes other examples of this invention and which carried out the 
longitudinal section of some plasma treatment equipments. 

[Drawing 39] It is controllable drawing of longitudinal section of 2 electrode plasma etching system 

independently about the ion and radical which become other examples of this invention. 

[Drawing 40] It is the controllable partial detail drawing of 2 electrode plasma etching system independently 

about the ion and radical which become other examples of this invention. 

[Description of Notations] 

10 — a processing room, a 12 — up electrode, a 15 — lower electrode, and 16 — an RF generator, 17 — 
pulse bias power supply, 18 — vacuum pump, and 20 — an electrostatic chuck, a 22 — electrostatic 
adsorption film, 23 — DC power supply, and 30 — up electrode covering, 32 — gaseous diffusion plate 32, 
and 36 — the gas supply section 3, 40 — sample, the source of a 161 — RF generator modulating signal, 

and 200 — the magnetic field means forming 200 r a 201 — core, and 202 electromagnetism — a coil 

and 203 — insulators 



[Translation done.] 



http://www4.ipdl.ncipi,gojp/cgi-bin/tran_web_cgi_eije 



2006/12/19 



(18>B#B««W <jp) 



o» & m 4# at & ^ (a) 



#^¥10-261498 

(43) 0 ^10^(1998) 9 £29 H 



(51)Int.Cl. s 

H0 5H 1/46 

C 2 3 C 16/50 

C 2 3 P 4/00 



F I 

H 0 5 H 1/46 

C 2 3 C 16/50 

C 2 3 F 4/00 



C 
L 

G 
A 



(21) ms## 

(22) fflggB 



-46275 
¥f£ 9 ^(1997) 2 £280 



<31)ffite«^5g#^ ^M¥8 - 44391 



(32)fiB6B 
C93)ttftfft£9ra 

<31)«5feffcfe5g#<J 
(32)fl8fcH 



¥8 (1996) 3 £ 1 0 
B# (JP) 
4fS¥9-7938 
¥9 (1997) 1 £200 
B# (JP) 



(71) ffltSA 000005108 

«Sfflt=FftEBKli|iH««frBTe 6*B6 

(72) ffcflJ# Alte tf& 

mP^T^*Af : *fi#794#tfi 

(72)5s?i# mm %.m 

lUDfllT^»Kf*Ssj|E«#794a(fi 



(54) B89U<?>£*M ^^MSgg&tfy^XvM&ifc 

C57> mm 

Mil^STJfeo-C. -fcfOSSiHn 2, 1 5I = I*, 5 0 

l 2 0 o m h z © v h FflMrasflian-rsftjaiMt 

* * J: y ±gBmHM ic * £ £ a N: jifriEi81ifF2 



0 1 




1 



ste— *f<©saiar=:* 3omhzsl^l3oomhz© 
Huffiiftjaataaar^j; y Hfrte— stasia t l < \^<d^ 

*t « <t « ^ xv»«e« 0 
[it mm 2] Rffiifis^t. ^x-* 

HtTSB — *JCD*ffija[z, 5 OMH z^fl\L2 0 OMH z CD 

f*ElPICDffiEai*4£<r>E fz» 3 *[rI coja^oe* <t # 

- 1 £ i: -r ^ y=? x-?mmm 0 

[iS*3S4] IStollh, ftfe^X'T 
mrfB— S*<OaffifHl^s 30MHzftL\L3 00MHz(0 

vh Fw«asain-r-5*«a«3iEt s 
frSB«ffi*^ ffirBEajaaaaRicj£is$*Lfcsgi (osa 



T\ fluE«^(D1M£P hPVAfl&SftS^ffiEH**©* 

WER^MCD**?!-** LTlB't? LT Sfe-f £ C <t J: y 
WEa«^^ELmES*^(c^t*S«!iE-tl--f ^p hn> 

*sa#*tt*®S=&-4-saft-&i:. SuEKffiiiQiSlSSaE 
^ ftME^Si: £#-rS^vX^«LSfe11l=*5^T. 

n«i=ffi«L»a$^fciWE«ta*a)aB(#fc«fe y*« 

9JEftjaassaa*^ sJE-^cossrBiaijCHjffiKi ©a 
stmEsass^ssuiMafz, 3omh z ^ol3oo 
mh zcdvh F^sjsiaa^^EPin-rsesH'e&ys 

jsi±i i o**^x^T(D»aJtt,L<tt«jHaK»»(©aii 
WES***tita®<DHjaaftL^utt^(D^ftij#i£ic, we 

^y^x^mmmm. 

STEtt#*^**«-ifi-ef*S^I=»**tr;BL, ttKHco 
[11*119] Ii*il4fzfcL\r. IffE-f 

JE*|Sl/^UXffll»a)cl u t y^O. 4J^"F<D J '<;^/W 

•t&y^x^&mmmo 



fljfl B/ x ; W t x S1±<D fp fc L \ hu SBM» ffifflMM^K 
COH^^S: f c *f j£ L T » ±"T 5 «n a> ±|jL £ ffpft "J 
3u 8 1 SSttfc - i: * Hfti: t ^ ? 7 X7 

Iff^Ugl 1] ffisRjgi Ofz&l^T. fufB^EfTO^fS; 

nm : &wm^£ vmtz-ftoinmmiz^ 3 omh z #i\ 

viZcfcy. MaBi*»*iaa-r§XT i «/^i:S^-r'&Ci: 
HtrffiKgA^. «rfiBBJa;ft*slsrc!g«6**T,fcKi ©Sffi 

t^L 1 0 OmnTCj&y . 

mm&w,m\^±ymz-n<nmMm\^, 3 omh z*^ 

L3 0 0MHz(DVHF§l^OTLt, HiFfB-^£D 



Bfrfssm & mmvk m * f 3 ^ x is t br mis tz u & m 

fufB^f^/^l^x/^^TXSE^EPSp-r^/^UX/WT 7 
IftmWiMl&WWt LT 1 OMH 2 - 5 0 0MHz<DfiiJgia6« 

E^OTtSt HtrffiK^ffiJi^so. 5-4. 

[iS*3ai 5] "7jo)m«ir=H#4^aBti$n'&— »©s* 

t?IB-S*CD^fa]ffi|lic 1 OlWHz - 5 0 OMHz COi^Jlf;SM 
BE * ftittrr 5 if JS Sf;I t . 

«}f B J± 73 T Xffl Ex y ^ > tfiSz. % ? =? X-z it "T % zf ^ 

x^^m^t, 

WTlBia»<Ox^^>y0#(-ffiSH"7j(OWSI=, /^X/^ 

y s 

[it San e] M^mmmt^ mw^m^mm^ti 

-5 ^ x^5na^® x fe -3 r , 
mtmn^mmmt}\z & o ritriBia^^ r^«i$-r & » 

KriBiit*4^f-fgji$*t, »s^i=/^x/W7XtE 

mrtB/^x/<^7 7 x^S£7)En^i^ffL^fiffifl^p^*^ia 
©i»S"S*©»l3»jsELr»±"r5ffiHE(0±»*PSiJ'r 

* <t -r * y =? x~? mmmm * 
-*«>msBmaicH*4*»«»#*i= j: or«#-r s» 

at. 

|iJlBE73TXifrfBi^^>^^X^ 1 OMHz -5 0 OMH 



z comm>fcmti\z<k y ^x ^fb-r * ^x-?±^j& 

«E£ffl*^£/U'X/NV7 r XH]to^«fr&fcy > 

I5t3 k*» * cd 01 ^^7X7 san-r -set i -r 

[|f*ril 8] if Sail 6£fci4i 7 cOL\-f^Mzfetfe 

-fTxiEo) 1 /2teiTf-te5 J: 3r-s ifrteA^xA^ 
^ibs-t^xt^:^ 

itriBE *j TTjmiBflt^^x * x^ fc-r £ x ^ ^ 

^&ftSCi:Sit*at-rS^XvJll31*3S 0 
I«3t«2 0] R3I»3&*1 Omm-5 OmmO)— *f<7)J*[fil-r-S 

»EK»A<aB«**Lfc»Hft|=, x^^>^73X^A 

ffffE^HSl^O. 5-4. 0 P a I^Ef^X^ v Zf 
k. 

1 0MHz~-5 0 OMHz CDJfcHaE«A$ffIJinL-. flfBE^I 
a?7X7|:J: yiiiIfeMS£x^>^£X^^ 

HJfBtt^*<DS6ftK^^ , 7 X^ftiMr £ C i =£W« <tt" 

[WS3S2 1] jtffi»aai=Kw&*Lfc*a(D-*j=tt 
SHfi * if «ssi#* icj: -3 r HfrtBSffi t&irr 5 x t- ^ 



^-£XT^:7<t, 

ffiriBiSHfisaES^fifi"*x-x'^^^, 

k % 

ISia*4 SffirfB ^ X"7 iz j: y x ^ ^ > « x t ^ ^ 
WrfBiSM Ol*X / \V T X IE £ EP AP-T 4 x T ^ ^ 6 

ft y , 

«*©wiBftai»##aa)»m®*tt^cfc*«ESft 

WlBtt#»A<iBa*ixfciSHaiz, x^^>>f#x$»A 

k. 
k, 

Mx^^>^0tfCHtffB— 7?(0aarc % 2 50V-100 
OVfD/Ol'XSitO. 0 5 — 0. 4C0t- + zl — £b£- 

3c-r ^ /^ux /\v 7 xie Sep *pf £ x t- ^ ^ & * 
y, Bir«3K»*a)te«^^7Xvfflii^§ct&^fl» 
irs^x^aws^s,, 

*i«R»*SB«-T4fcAC0K^i:. ^Xv^jE^K 
<t « ^ X7«ii^ fc o r . 

frffista c: / ^ r x we 5 En an s / * r x hi im^a 

k, 
St. 

frffiSffiHaa^rc x^ $ -t±^ ^7X7^ 
x^afflifeao 

ffiIBl^fC/^UX/^<TXSE$W^T^/^;i-X/WT 
XEp^p^mt. 



« urn £ibs^- s fc #> mt t , 

fuf B a# £ »«9ft* * £ o T m 2 K*4 i ^ b a » 

HufBSHittSJKI^iy 1 OMHz-5 0 OMHzCDiSgliJSSJI 
%£Ul)nf&t tile, fifri2SS#Gr31SS-o. 5-4. o 

^SH»$@B«-r*fci6<©SiiC**^«!:. ^^Xv±ja*S 

mmn^j&mmtz^ ^ir>m±mii7,&\&m^y t ?x^ 
hbjR«2 7] asanas SESffiftta^rtTfiaiaaF 

ft UBFf gfitD 5 v A $ {ftft-f 475* ?5X 



SKIES. ffifB^juxA-f 7XllE<a i /2 JaLTlcftWJ 

[»*3H2s] »iRi-r«-*(D«aiwK»*BB«-r«x 

T^y Z?t» 

»IB1t*^fcStt*»«i!ft**l=ctor»|B«ai=:«» 

^x5^^^^X-7ftLRfTMB<7>^^7j;u^«^Sx 

fiJlBUHim^, 0. 5-4. OPalzSEgfgt^Xf 

fJIESJlpj-T SSSf- 1 OMHz- 5 o OMHzdDlSJSafcliJES 

x m f± & e p ^ -s- a x =r v -ffr t> # y . 

[W3K3I2 9] jiffi«DraaicHrt&*Lfc»a©-*i=a 
aa»*»»»af * ^ t mamar-fti*-*- s * t v 

ft* 

^£^to^7^^ftLpJrSi«)7 5/*;u*«tt-r-&x 

HtriBSiaar^ 3 omhz~i o omz<Dmm&m± : £mn 
7fbt^^t-^t, 

»a*4S:BiriE3f^X^izJ: y^il-f £X7^y:7£. 

WEaftfc/^u^/wr^sEssijiffl-r-sxT-'y ^& 

a=y, 

sfrtBK34^LTs i o 2 ^mi^^t^mmt't^y^ 
x^mmttz* 

[9*53 0] digit bti/^mScD-7^!zM 



imbr *4i^;ux / w t x e j± £ fpjtjp-r & x t- > ^ e, 

»R** &»ffiHft** iz £ o TmriESffiiwftft-r * x t- ^ 
k, 

fiiTfB^Pm^s O. 5-4. OPafzMEi^t^Xf 

ffiSHS*jRi^sBffirpir3 3 omhz- i o oMHzcosjaasaji 



[oooi] 

[0 0 0 2] 

[o o o 3] mmjf7,KCDi%!±ib. m&mitfrgm-fib 

(DtLX^ (1) 7-<5PiS(2.45GHz)IBSift 
1&J§ ( 8 7 5 G ) £ <£^-< 9 P h P >*IBS& (ECR 
tflS-T) £ifl]fl!Lfc*tf). (2) RFJBSRSaogaifcJ: 

[0004] 7;i^P*— jtf^tfX^JHL^ 



t\ »fctt&tBM£x^>#-r&*^ -tie C 1 )(z 
[ooos] ^fTVfilWlcRFHKBtcDmffitai 

Si Lt, (3) nm^7-Z 9 7 1 7 5#4*S-PWBH 
^3-2 049 2 5^Slz^J^ J: a ft, St+MH 

mh z ^T<Dm^m^x-un<r>/u r ^um^no 2 

BsRElje}£*\ (4) (#BB¥2~3 1 2 2 3 

* (E) k&mi-&j3\p\lzmRB£tox_, IT(DP-U 

[OO 0 6) £fc, {g^XBETfCfelNT^^XV^jS^ 

ig^D^it^^^^ it, nmms e- 1 3 4 s o-^&* 

P;g (2. 4 5 GHz) i:fl|ffiJ| (875Gauss) 
tWSSW*PhP>ft« (ECR) £5SfflU 
0. 1-1 P aCDfi*rxJET?t,SL^7X-7ffiffiA«»^ 

[0 0 0 7] ?7X7SfflL^¥»*(0l7f> 

(ffi^(i*3«n*^x/\*«. JUTK**tas-r* fl ) £ib 

[0 0 0 8] i^fl USPS, 3 2 0, 9 a2fM 
I=R #4 i: t <D H 1= te«ft **X $ * i± T tt (3D ig 

[0 0 0 9] *#BII0S6 2-2 8 0 3 7 8^-^#g^ 

Zk\z& y . RSlcAlt-TS-f ^->x*ju+"--©»ffiiffi 

[0 0 1 0] ^ipe-e 1 1 8 2#^ffiT?f* s 

1±> R*4i-, /^xfa-r-f^o, i %Hft£Lta>tl 
CD/^UXMVTX^EntoL. y ^^(^^^^Ifelh-r^C 



-r o □ hn>**$e^ u ^xvs&K^r^stts 

#]£ LT. Jap. J. A p p I . p h y s , Vol. 28, 
No. 10, October, 1989, PP. L 1860- L 1862fzfBSgcjr>* 

MHzOKJS38£HJjbnU ^'bflW^frft 5 1 GCOSH*i 
[0 0 1 2] 

¥7-2 8 8 1 9 5^«*»HT7-2 9 7 1 7 5§ 

^m\znna>y^x^»^Ait^ 13. sgmhz^ 

gfe+MH zC&BSJSIi&lzJ; y r?^ X** **<D-e 
Ibfflttf) x «/ ^ > >f (z * ^ £ 1* S C <h ^ 

[0 0 13] L^U ±fBLfc2g|;^i&3fi>S^M-R I 
E3ST?raU 4 P a J^T (0. 4~4 P a) T? 5 x 1 0 '° 

it, ^X^m&mSt^'S< Lthott, 5 0MH 

z «fi J^-h-m zf^ x^ y iiflp l & i^jK a* 

T?^X^g£5 x 1 O ,0 cnf 3 &±l=-f 
[0 0 14] M-R E Es£t?f±, KS*aS(=*"T 

tebtaiio L^U E x BCD KU ^ hlCcfc y . —Itklzzf 

^x^^mizm\H<Dft^vtf±£&x&±<&% 0 mm 

[0 O 1 5] CtOgfftftt LrSBB^P? - 2 8 8 1 9 5 

^arcta*s*Lr^-s«ic, e x b^-ss^cd k»; 

rcj;y % Sttl=¥lT4«*(0«*litt LT 2 0 0 X 

^ap^t*. ffiycoatL^-ft^x^^&^-So l 

lz v 0 3 o 0JU±©*nSH*4fz*fL, mtSfHiBBESttf 
2 OmnnSffiiuT-ea^ji^ H**«B9B±«)J£* J; y K 
#4**W±©E*3&«1 9Jfel±aS<«i:y, fit*4±G)J£;ti& 

£ ii If 5 fc to S***"& t ft SIEfA CO WI IH * 3 0 m m m± 



[0016] c^?^ ±KLfc2«afflieafe^M- 

R I ESTIi, 0.4"4Pa(0fiEt\ 5- X 1 O 10 cni" 
3 co:?^Xv£gJt£<£ 3 0 OmmtDKS-®l*n?±a— rci"5 

C^i*HliT!fe^ 0 got, 2JS;ftffljg$i^M~R I E 
jafe-ef*. * 3 o 0mmJU±<0*:PgcD^x/\fca4-Ls Kg— 

*s t* cs i -¥>s i n«) fc<oaRitsa<jiinx-r-& 

[0 0 17] ffi^ErzJc^^XTttS^K 
- 1 3 4 8 0^ai=fB«E**ifctiO^&*o LfrU 
£#?I-r S # x 'J =i >i^bflI^Slbflil^£ x 

u mmnTtb cs i«) <t©aRjt36<»& 

L^S I CP;£t_tfHECR^i:f^til=^^iic^^r^^ 

[0018] St. ft3i#x*K»(DjB3a^6»«;-r* 
s^b<s ia^a5aas*o^ : 5X-!7g&js*«e<ft^isisji : 

L, ***±Ht3S:yiSiB*yA««Tt--5*jfiS»oT: 
[0 0 19] K»fcA*rr*-f 

Mffli-r-sfcto. R»sttB-r««:ai=jEffi{iRa)R f/^-y 

IOOKHz-13. 56MH z jft^fflL^ 6 tfCL^-&56<. 

ltt^4fetoAlt^*>r3t"><7)x^;^— 

fflij it L^x =K;u^— ffll it CD 2 01? if— ^ S 

x * ;l, Jf - fflf CO ^ ^- > l±*n.iIiS Jg AMS L > * jj& ^ y . ^ 

fco — r f/^y 7^H«a*e)^tf 5 0 MH z gs 

oTy>^Ut°->?l^<^ Z?=?X^%Lm^(0JL 
^J^—<D^t)^t>tl, XfcSDt?«SBE^*i|eiz 

[0 0 2 0] *fc s JifB^SKffi*, #BHB6Z-2S 
0 3 7 8 -§-^«^BB5|£ 6-61182 ^^fgfzf £MC0 



Mfrl iz EP^JP * *l £ -f ;f >^QiSmJ±^ffiT L, -f ^ i/X* 
#ftAt£A<£fctf>, K#4lz+»3S:;BJS*iJffll$SL> 
ft^t>, ^S<t^4flfcSlB/<* — ^(OffiJIfcSa^^Ct 

[00 2 1 ] Sfc, USPS, 320, 98 2-^PJ$fflg 

<d M »co la is at*yooft^ 

[ O 0 2 3 ] gl/r. SfclzM-^*: Jap. J . A p p I . 
phys, 28, 10(DVHFSW-f>Phn>«* 

a« it g- *# & c t sit & £ o 

[0 0 2 4] *«BJJ<BBMr* % y&&\z-ffZ,Offi%t£Mlb 
3 o OmmJU±©*pgT?J*i— ft^XTS^^zi: 

[0 0 2 5] *SBffltDfl!i0>S«li, :fcPgfl)HiWG>£® 

ictofc o r ^-^ojiiaft£L3i, tf#f-i^bss^ii^js-r 

[0 0 2 6] *3gPJi<7>1ft(DglttI^ a^^COiffilKJK (tf'J 
itliS i 02, S i N, BPSGI) K:**-f S^X"* 

[0027] ;fc#g0j?(ftffi^gittte s Sfei^Y^x+n^ 
*&s<oa!iR Jt ^fRi-t -e ^ 4 x a uc ^ x 

[0 0 2 8] #»ffl<Dte(DBWre: % 1= J: 



[0029] *«5Hirofl6©a«itt. -f*^t^^*;u£ 

x v aasa $ mm-t & c 1 1 - & & c 

[0 0 3 0] 

sat, -st^mffis^t^^XTftfiE^Kt, issz^ 

30MHzftl^L300MHz<DVH F ^(DMm&mt) 

jS^4CtfC&4o 

[0 0 3 1 ] *«^<Dte03#«(*. Jl^fflJlSt. -** 

OMH z ftl^L2 OOMHzCDVH F SUlfr £EP JD"^"-S 
iSHSMEiSi:, MESJIiffiailgf;: J: y fjTffi— &4>ftf3EM 
*L<tt-t©jfiffl|z±-f*«jjit3Ejir**flfz, 17 

[0 0 3 2] *Sffl(7>fl&0)!tS«El4s 3S^#13IS£. 

©Sffi^-St^vXT^jjJ^Si:. fJE»I^-*S* 

S*^^^X^ffiSffiSlcj;-BK»CD^^X-7«ia* 
afcfc^T. «JE^ai=J;yfflriBK^JI^i^^3BEE^ 

yzft v KJaScWliZcfc y ffifB— StoBffilWlz. 30M 

Hz5:UL3 0 0MHz(DVHF^i^SEPiDLT, fj 

f^cfc 'J4SSii4^X7|: J; y , «rEH***4BS-r5 
[0 0 3 3] ^^f-^^ifi, iiJt^^fXCDffSl^jt^ 



fftfofSftffiMt Lt, 3 OMH zftUL3 OOMH z, 
S?S L< f£50MHz&L\L200MHz£>VH Fjffl 

[oo3 4]at«ii. 1 o^^mn 1 o#^jsi 

tiL<(iffiJHSE (1 KHz JUT) U * 

*tll»<3)ffi*t£3 Oftl^L 1 O Omm. L < 13 3 O ft 
UL 6 Omm ft" £ D ftfc. — SsttDSffif*, -t*t-f+u«tS 

[O O 3 5] SHSfiSSE© HSftjS f t LT. 5 0 MHz 
g f ^ 2 O OMH zfl) V H F^L>^^i:|Ci:oT, ^ 

ft^KJK^/^-P, -f 1 *SSJSJU±fi 
T-T^o ceo V H FS^jgiRBci:, W <? n hP>^tl& 

5 x 1 O 10 cnf 3 EJLtG), BffilcffiJt©jgl\:75X^**B. 
i *s i N»^T*fit«>ilRJ±;S*$<WtS-H:«c:4: 

[00 3 6] #3£<£i 13. 5 6 M H z CO^^T^^^^fC 

V > / Affile*/ y n >*MiRe*fc»UlSBa:« Lfc U . 
551= [±, chbl:/W7XSiiiSui:^ ?K^^^fc 

**x sffl i^xim t -p v m s l r #t as -r * c 1 ie * 

[0 0 3 7] Sfc, *S6MfcJ;*Lli\ ®mffi<7)PaT?, lit 

J: y *Kr4&^S*HH^K5eL. RW^ODK«.«a®T? 
<0K*4i-¥ff ftifiJiSfije* 3 o tf^fcLTJffS L < IS 1 

^Ffc«< P-U>^* C E x B ) S/hSFl^fi&KU 
^Xv*JSCD^iS-1±©«^Sft<-r-SCi:36<-e* 

[0038] ^mM(DffiO$r&\Z&tl\£^ mw*p£:M 
U&\ztt-<^ H^tOJHiZZWftL^Ltt^iTJ^flfftifi-e^^ 



(*. -y-^^p ^p swt<DE«*»< ufc 

[0 0 3 9] *fc. -th-f p hD^#p.9ffi»BC#iS-e 

fft^ilEI^. Be <1-a) ^B^Bc (1+a) ffl 

'a) o 

[0 0 4 0] ECR*l«««7fl4J!IJIt**afcfc«>. 

<o€g«i*, ECRj*i»fii«rz±t^'c«i«A<ji*-r, 

*;K0±ji8:(0*A<aEA/feft-Bo ECRAii&fiiijtiDiHti 
GHfiSfeiittJft-f ^->t 7 vrt ju<d»££ J: y SSSLrefiJ 

[0041] **W(7>flfi(3ottar±. H^^it^^, em 

x / ^-f t x ^EE £ Ej] Jn^ -5 / <;ux / W 7 x ep An ^-s <t ^ 
ft x,s wiBSJasRaist in omhz-5 o omhz <dm 

-4. o P a jridEt* J: 3 Lfc C i: left 5 a 

[00 4 2] ^§£m<Dm<Dn%ki£, K&mmmt, mm 
r . fSiftmm&nniM.&jiiz & o x m mums \zm$-r 

/ / <>r r x a J± * ep An -5 / A T x ep An^ia 

^ ic^f ?s l x » ± 1- s n j± © e <t $ m 

[0 0 4 3] #»ffl©ffi<D4#»fcfc, S^^il^lzlgltb 

^fc»ra^s-»©affi<o-*(=Hr4^ia«t"47L^ ^ 

^S«At4Xf*y^i, HfFfB#iaa^. 0. 5~ 
4. O P a feSSUESfft-r-S^^-v^t. 1 0MHz~50 

[0044] **B8©ffi<z)*#att, atra-rsaafl)-* 
<t> ttti f m e iBa-r * x ^ ^ ^ t % mm $ ti tz mm 



©aai-. 2 5 0 V- 1 0 0 0 VtB/^UXfiflB £ 0. 0 
5-0. 4 0fa-f 

*.l£S i 02, SiN, BPSGl) s^xvias+s 

[0045] *»wa>«o»«r=j:ftii. mm^mmm 

RR&^Jc^ux/t-f TX«E£BP 
0. 2-2 // sT*jE^ffily^Xffli»<Dd u t y A* 1 /2 

^W^X«EtDWinr=^L^SK*^K0)»SqR3»S« 

iLt, /^x-jaM*©»»flftaj=cfcyss«tt:sa)M 

SSH^P;b£ll][±^bfr\ /*;ux/W TXHJ±CD:*;££(7) 

[0047] *«w©«(D«F«rcj=*Lri, s&izsfc, 

K*KDX"y^>^f3ffi|5-S-©1Iffl|C % 2 50V-1 

o o o v<z>/<^xJ8lHi o. 05-0. 4cr>irzL— -r-^r 

S4#4*£0*ftaK (#J;tf£S S 02, SiN, BPSG 
[0 0 4 8] *»M<0ffi(D4#1ttf*. MSSailMi:. S£X 

^MVTXEPAa^lSit, ItrSBKffifflS^lw, ^v*i;u^ 
v£»**i±S^^XTijffi^K4:&*fflL. Iff f BSCS 

[0 0 4 9) ^mm<Di^(onm^, KQ&m^t, wlk 



x^mmnx'ti-ox, mtmm^mm^mtuz^^x 

flfta.* ffiSeiSHsSSfflfc i 0MHz- 5 o OMHzcojSHiRS 

o P a \zMEE't&£ : 5lzmi$;$tiTl\&z t\zfc& 0 
[0 0 5 0] *:*W^i&<Di|S»l=iftff % -fd-vt^i? 

TxBA^EpiD-rsciitfcj: y, K^ODjBJSftiJW 

[0051] *f:t>£ 7 v^utDS-^if 

[0052] ?h> <h ^ ^v^coa^M^-^iiiiz 
*Jl»u /OL,x/WTxsf£^En^n^#L\ffBiK^iS 

ssE«]#»st lt, ^j^-mm^(omm.^miz^ 

y K*fls:H(7)ilSSr=:aP^*ffiIESfcA^ /^UXmV TX 

tm^^o ifcSLWaSfc* /1/UX/WTXBE<7)JHJS1 

[0 0 5 3] f-fc, *»fflfl!>ffi<7)W|S(^cfcftfS. -r^> 

B#I-BfffB™^<7?mtl(-s 25OV-1OOOV0;UX 
SBiO. 0 5-0. 4<£i^-^tt£:frf £^;t>x 

s i o2. si n , bpsg¥) f^^f £Ti& 

[0054] $t»i=*aiB^te©wiai^*ftf*\ *r*> 

iSJaaSflUg<t Lt, 1 oMHz~5 o OMH z (Omimi&MK 

&mi\ 4as^rtco*rxE*s. 0. 5-4. opao 

SJ±i:Lrt>4o Cftjzjty, g^tfc77X7^ib 
ft&o *fc, "COJ: ^^SlW^-lli^fflL^^C^f" J: U 
^X^XVCOSBI^J: < 3& y . KMPXB#(OilJRi:bftlJ 
fflto<JK 41), 

[0 0 5 5] 



5l=r*K«4 0^tltB**u4p 2, 15 

»<7)K#4®±COE»ll$ 1 9JElTf=-T*fctof=s 3 0m 

lOOmmJilT, WSL<fi 
6 OmmJslTfc-rsO^MS LL^o J:ffl*H1 1 2fc[^ v 

3fi«iiaEgBfi-§-ilHT?&^o ±9181 2t7- xFrIIz 

— i^^^tfty, sjg&Sijgi 6<73jasR»ja»ic*fLT 
[0056] un^\zmm^fT\zs,m*itc±MmU^ 

[0 0 5 7] ±BPBffil 203Tffi!*Bl3f*, *>'J=I>, 

Hi 2(D±gjjiztt % rfxsBfa0»fljfzffi»-r«#xffi 
xffiifc4S3 2 % jzwwffii 2&r/±fiBaai*/<— 3 ofz 

f^M4'^^«^til. 0 »S1 If*. &m\- 
i 4 ^^Lr^M^tt^S^^°>^i sic^yH^m 
MSi 0 36«ia#*©fliiSE*(c8llfi**LS, 1 3 

* m #> * t ft 1 3 «i tf> 0 & /s co a i t £ @ * * i to i c 

3R«itUatofflU >£"3 7*<Sft6*tTl^o ifeS-ltC 
&toJB'J >^3 7i:[t WfiM<BIWra£KltTL\S e 

[oo5s] ±spsai 2o?±fzf*, sffiiai=flsi$$tt 

j£^l£2 OOf*. nT2 O 1 . WKa-f ^2 0 2. 
#2 0 3 SSfflfLr^So ±ffi»ffi1 2<0*jS*m<!:L 

Wft^fcJ, fflS^I 0<©«ja*t*4i: Ltlt, INS 

:K s i c*6<S>5 0 372 0 Kt ampins 

Si 0(D**±gfi^b±S|imtI1 2fZfnl^^, ±S*ffi 
1 2 Iz ft ^ r m ¥fr ( = ft m f w# -5 <fc 3 #fi£S B £ jS 
f "<< * ^Tg|J2 0 1 A. 2 0 1 BS-^-T^lfrmSSE^ 



a u s s) JU±1 1 OAT^x&T, »*L<f±1 7**^7 
CI KHZJUT) 0, "t^Ou hP>ft*£±L;-5fflJ# 
[0 0 5 9] -y-^^D HP>**££L:«Sffii£5£|£Bc 

ftf (MHz) |:3LBC=0. 357xf (MHz) 
[0 0 6 0] *#SSJ^*SW-<&2Sai 2, 15 

< . y^x^±mm±m<DW'$.fribmm 1 2. u^s 
^o)mmz us ftsisiji-rsctic 
[o 0 e 1 ) h»4 o£K«ffim-&Taimffii si*.. 

^«:=btu TSBWS1 5fe\ *fffli]<7>H 1 TSJmfl 1 5 A 

T«s«ai 5 Bfccfc-3r»j«*+u. «i, ^2^Taim 
m<D±.mmznnm.mmmmi*m (ht, ffmo6@m^ 

2 2^fS(tb^rL^o S1, H2[^Taia 
Sfp1lC[*, ^ hmCD=r-f JU2 4 A, 2 4B 

£^LTH3ifc«3S2 3^gffi$*bT*5y, m2Tgfim® 
1 5 Bfflj^IEIc&SJ: 3l^tTroTaii«araiciSff t 'EBE 
*EPiP^4 fl C*t(zj=y, »S!R3|g2 2g^L'CH» 

4 o iraTfflmffiHic^ffl-r-s^— D>*i^y , 
4 0 36*Taj«sii 5±\zv&n, sss+t-So »m«i*iis 

m-t&ZLktf-Z&Zo *fc, «;J12 3 i LTfcfc. »1 0 
0 V <D ESESJS * ffl £ o 

[0 0 6 2] Sfc, TgfS^fll 5 C 1 5 A, 1 5 B) iz 
f*. 2 0 V- t 0 0 0 V(D}iffiO;^/^7X$tt|S 
t^A^xnV7Xl;g1 7A< S D Cj£#£ ^3 «y h"TS 
V=*>tf^>Tls-y-l 9A, 1 9B^Lt^f 

[0 0 6 3] CtL^Xs »«9 L A"y^i: L"C. 2*1^5 

[0 0 6 4] x^T>^as?T5«&. iaa©>E*ft«!i 
Tfesa»4 0f*, ffls^i o£>TSiimt!i 5<D±\zm 

x^^v^-fflffiicj&g&ifx^iiiasi oizfjt^^^ 
^i i[*a^7K>^i sfcct ys^i^^^ti. sa 

a^l OA^HSCDlQaBEil, W^lrfO. 4-4. OPa 



6 £ y 3 OMHz ~ 3 O OMHz. < f£5 O 

[0 0 6 5] 3 0 3St^L3 O OMH z©i&jajjfiB*i:» 

O, 4-4. O P a CZHgtfXE-t^O 

311 7j^£»E2 OV~1 0 0 OVtfHffl^O. 1 /is 
-1 0//S s jffiKlt O. 2 £S—5 jUsTfiECD/<;U 
XSP^CD^zl— r -fJ&tO. 0 5 — 0. 4tf)A-<TX£EP 
SDL. ^Xv*C0*^^-f ^->&*J»LTK*44 0IC 

[0 0 6 7] ^-F^tfxtiu #^ffiSJ[*R3 2T?3fa 

O|^0^l+e>*lfc?L3 8 £3 L~C#0:ii|jt 1 OfCj&ASft 

[0 0 6 8] *fc±fiBBffi^i/<— 3 O \Z\£* ±~7]i^-\t 

[0 0 6 9] *Pg(DK»<DttSffliDXttS|fil±$1d--6fC 

#XT?5 x i o 10 £1*1,5 x 1 0 n cm^oy'yX'^^m 
"t*. fro, JgjSfz*^0C)»3K*Sto"r*:PgT3jS-J6:3f 

^x^£i#-&fc#>ic v _haim*n 2fz. ^x^sjsjs 

1 7 ^JS*SLc:*i6i^Baia<7)ffi*lS. 30&OL10 
Gmmt ^rho 

[oo7o] ft, y^x^±mmmm^mm^ e tL 

X, 30MH2^L\L30 0MHz, B*L<I±50M 
HztCUL2 00MH zCDVH F£fl3l\ 1 Otf^XU 
_h1 1 Otf^XETF, »£L<f*1 7#^X^_h7 2 if 
^XlU"Fa)»K*4, L < (ieSSR (1 KHzTO fit# 

[0071] Ei2fz, m^co^-Y^ p hp>w^i: 



;iI<£J^;&^£^b£tbfc ^X^aSoSSfcCD 
-#J£^-f 0 mU1i*\tT)l>=t >lZC 4 F a £ 2~ 1 0% 

Jgl*. f =2 4 5 OMH zCPT-Y£ D;J£EC RtDi#-££ 

[0 0 7 2] 50MHz^f ^2 0 0MHz|zfcL\r 
I*. ^XTffiJtf*. ^-f <?P;JSECRcr>i#^fzit-<T 

ffiJSLtffiT-tS* ZCOVH FSJCOJSifcSi:, 
□ V^t^Ml^C^f^oT. ^X^SfitDtefcHlt 
£LT\ sxio 10 ^ 3 ^ iSJtf-ffiJtcD^l^^ 
X?^»6+L. 0. 4-4 P aCDffiJETrBL/— h©jQiI 

Able, S i O 2 *(0|ftl8||ifc*rLrs i i N^<DT 

[0073] 5 OMH z ^ f ^2 0 OMH z iCfcl^T 
ti\ fi£5fctf) 13, 5 6 M H z TfiBtB^tt-^T. 

lz*> ij 3 >^KX£$frttiH&SK1B ^ c t # 
£ y v m t £ $ i± r # a l t f s - 1 A* t? # 

[O 0 7 4] ajaffiKSOJS3R»3&<2 0 OMH z JU-h. 
tffc3 0 0MH z JSl-tr^s&Si:. ^X^T j6JS36«ffi < ft 

tfx©ffi«A«iSjgi=fty^^SJS^/»^-f ?h 

^<7)±8JPA<^3r<ftyiB^, Si^Si N^COTiftt© 
[0 0 7 5] 0 3IC. p hP>^R|B#i:^^0# 

— eOt L, -y-Y^P h P BC=2 7T f- ■ 

[0 0 7 6] 
[ftl ] 



e 0 = e£EL \ 

e 2 E 2 P |^ 1 + 1 N m 



1 o 



[0 0 7 7] Cft&t&Jt C=e1/e0) %ktLtzt 
kit, ^SCCSSft** {ML. m : ITOli. 

e : m^m??, f : mum^m. 

K=(1 /2) (z/ 2 + td 2 ) [ 1 /{i/ 2 + (w-oj c) 2 )) + (1 
/(i/*H-(a) + Wc} 2 ))} 

-<^P HP>ftfl«» 

"Js E*P=1 Pa(CfeL\ttt, f>50MH 2 t'k> 

*p = i p a leaser r*. 2 o mh zfijsmTcorasaaa 
3 omh zmT(0Baaa-e(*. B«»tL(oa^i: 

[0 0 7 8] *fxjE*1S<^-+Ltf-y--<^ p hn V 

£<> ^(OiSJScoiBlltStili^r. fro, ^^X^ffijts- 
5 x i o 10 cm~ 3 *£HJ^_t[z-r£l=l*. iSx0E.fi k LX 
0. 4Pafr&4Pa. Jf* L < l± 1 Pa SS^ b4P 

[0 0 7 9] -9-^^ □ NP>*«a*S*»$-NrStto 
l=f*s k<DffiS»+J5JLJii:-rSiK5A*&*o HI 2 *>|g| 3 
fr£tiBf?&fr&Jc 5fc, ii§JSl3;tfx<£^S£^to^f::^ 

0. 4PaftL\L4Pa©|£^li, ?7X74«fflB 
JHittlMgi: L"C. 3 0fe^L3 OOMH z , J? * L < I* 
5 0fr^L2 0 0 M H z <7> V H F*fflL\4ifcItffc6, 
[0 08 0] 0 4te\ «j£©7^*hP>*a^^>/\ + 

B £&\z* 6 8MH z(0iSjgjRaift£EPJ!lDL£: 

S£Jt£±rf 5tmffl< p — u>^*l=J= y -Y^VSP 
frU ffiaecD^^* hP>ScSafl>«-&. m^ecD^jS 

[0 08 1 ] i4^bs «E3fe<D^* hn>Ife1SS!<0 2 
0 Ojjry^CDm^tZtt^, AV^1/5-1/1 Ol^T 

[0082] +m^p h-p>fttftfii«ii, ±sb8m 2 



StSS-^UTLNSo |H5(7)^J(i, EPlPJSiftSa f 1= 1 O 
OMHz. Bc = 37. 5G, «1lp fl 1PB=5 Omm(D*# 

[0 0 8 3] Z<Dcfc5lC*»BHt!tt. -h«««1 ZtT 

TStaffi®T?©K»fcspff satasftjs* 3 o # 

&T»£L<te1 S^^XJiiT^Lts TaiSffi®f*5fi 
Tr^KiiK □ — u^^jb (exb) S'hSiMitfcU 

[0 0 8 4] HI (D^Jfiffl|©BtJS^E6^fiaE2 0 0f^cfc*L 

T««ai 5 (rhumbs) secies 

l^j£$tLTt,\& 0 ECRflJatR^BJIi, 3 Omml^ 

isbizit. EC R««sMi*4(D£® \z m. y RWffifr 6 
K£<D&Kf::,. fe^LMil^^CD^ffiiJ(OEC RifiHt5&*c|iiC> 
#ifi<D E C R«tt J: y t^=FK»^ffi!irci6 < ftS 3 Ic 

[0085] iM±5S^f-^9i=. m i iz^-r^mm<Dm 
Mfflxij:, ?^x^m±mmm5Bimm"i etLx, 30 

^ p hp>^p.*izct y **x©«iBi$jito-ct^fcto, ® 

ISlOrtOtfXEWO, 4PaS^L4Pa«)fiE 

[0086] mmmi o©iiii, atmifci:atofflu > 

a^ffl'J >^'3 7 y^iDS^co^Sft-xFKv^ hlft 

[0087] &fe s Stmjti:ii*!)ffly>^3 7 t ur 
f*. ^™^>^vy 3>a&*tW4s i cm<o¥m* J PM 
itfSfflt^o c«>ft«jht:atoffl r j >^3 7 *sa« 

^37 ^TTKwssfta-r * t *i= ? ymom^j] 

[0 0 8 8] 3B:fo\ R#*4 0©Hffl<0*6«tt:i 3_blc. 



1ij<-3 9 £f£ft&£. S i 0 2 ^<A|6|i[|il£^§i£ 

ftl 3(EJI<?*£0. 5mm-5nmSJt(z«<-r4i:, 

[0 0 8 9] ^7c. E3S«3S2 3tf)H£lz£y v as* 
<D»®8RSi«2 2 ^ }^A/-eTSP«t1 1 5 (15A, 15 

b) tK#*4o$^Lr»miK»iaffi3b^ja**iSo - 

0)«ISt?S8 4 0I*»*fliArl=J: yTSPWi i 5 [c« 
it. ISSSftS* #S9L*[Ccfcy«ihSixfcii3|£*4o© 

feDflSlicOIHT'ldt-, fSiA/ififmf&y. T8PS+S1 5 0) 
y et^4 4 o ana^fe y ffiiiSftfc y -r 6 ;z <t 

[0 0 9 0] tZ^X^ fl^P^»fll2 2fi. ^^Xt* 
5«lcflsja-4--& 0 lE^JS^JS^^^T/NVrx^LTl^ 

[0091] 3MgBja-e[±„ M^ux/WTxoFpipjzfft^ 

[0092] mEiW*'J¥KG>-' (Mi: LT(a, AJUX/W 
W±<D— MMipcDm&CD^b (v CH ) /</ux/<-fy 
6<7>3&*fiL\ 0 ftt*=M(zi±. Tgpmffil 5 0aS("Sltb 



v - -1 irX(T °" Tl) 

VcM " c - ( Ef£o /d}XK 
[0 1 0 0] ML, q: CT 0 -T,) ffllB^tt#4l=StA 

c : JK«LEfllsya)»StK*#A <*F«*) 
(S») 



=h.fcBift#^&a*»»iR#iii©MJ»*ai< Lf=y, b 

[0 0 9 3] ifeSlMiSfc. iO)lE«*l¥RtLt, 
[o o 9 4] El 7 ~ El 1 3 S-JEUT. *SSWI=33 

(v CH ) t/$ju*/UTxmK<DMm^'o^rwim\^ 

[0 0 9 5] £1\ *3&fflG>/*/i*X/*<7;*SilKi 7 1^ 

/^XtitS : v p f : T 0 t jEtfripl^/U 

[0 0 9 6] H7 (A) ©jg^^^P ^^p>^=] 

skates 7 (b) i^7F-r 0 

zf^X-zoyu—fj >^tK^>->^;u : v f 

»Bia*iiroK«erai=si:^sa^-affl*<DS^s 

[0 0 9 7] 0 7 CB) eK V f cfcyiESE^i&oTl^ 

4(1) &££JJ#f3\ ±l=®TS;jSco^£3j#&A,-eu 

*»#"Ci&y, V f J:yft(K)S»l±, 

a^T?^€>«P» t V f 0>68#[*. t?t<f*>tA<oy 

ftotWM (V f fi®^SV- + gfcV) Trfc£ a 
[0 0 9 8] 07 (A) fc£tf^«<DMBJi-T:l±, 

tK»t«) r=Jt^-C+#*#L^tfiSLT^-6o V CH 

[0 0 9 9] 
[»2] 

82 

T02 ■ T 03 : T 04 :T 05 =16:S:4:2:Ut 

[0101] HI 8 CD \Z7r,i-m\z^ /^7lfflT 0 
<l±-f+i, =fliftlz*y. -f*>x*ju^— I4H9I=* 



10102] (2) -{5) f^iht^f;:. /^JUX 

ii«BT 0 £/j^<iJ-£f-otiT, (v CH /v p )iiu 
y * * &m t * y . -y ^ >x * ;u^=_ jjt < # -3 

< o 

[0 1 0 3] US, H9l::fc^T T 0 = T 0 ^ , TO 02 , 
T 03- T 04r T 05 I** (V CM /v p ) =1, 0.63, 
0,3 1, 0.16, O. O SIzfcfjSL-Cl/^o 

juxcdt)-^ ct 0 -t,) wmit, n»«n»K^M«mi= 

^t:^"SSt7)-ja^*com^:ffil±v CM <0H«*E| i oc: 

[0104] mnvkmmt it, »*o. 3mmto5^t^ 

(K = 0,5 ) Lfc»&* -<3|->»ffl«jR r r 
[0 10 5] g| 1 0 A^BB&^?S:J; 5f=. /^£Dt7 

[0106] W^r*\ Zf^X^^y^lstfmWlZ-fc^X 

<f— hx^^>^7fl± 2 0 volt S v p si oovo 
It 

J< * JUX«/^>^7ffi SOvoltg V(I ^2 00vo 
Jt 

IS-ffcRx^/^l/y-eJi 2 5 0vo!tg v p SlOOO 

voft 

[0 1 0 7] ^^CO <V CH / v p ) go. 5<0&#S58 
<7)<£ 5lc&3 0 

>r- hx^f^^li (To-Tt) ^O.ISjus 
^£;UX^><?-e|£ (T 0 -T,) ^0.35jUs 
SMbWx^^l/^fTrr* (T 0 -T,) g 1 , 2jus 

X<D*f > If — ^ VX£<^X^CD-f > tf— ^>Xf3jfir5 

sJ^±, #*L<teO. 2 ju s m±A<ftlV 
0-100 tTSl^CD, (MTLltT a 2 Q 3 l?£ r =2 

5) fzsAfcy. J6«atfj±sfiT$i±-rjsji**<. #j 

0 Urn- 4 O OjUm, ISL<I^1 O A' m— 1 O 



0 tfmlzLfcyi-5i&3!#&'So 

[0109] in 1 oicr*. «ttB«3yoDft<$dtc 

^tl^tL2. ofes 1 oetzlgjQ^idrfcScT? 

T-ttSMtesc £3affii^^st#A<isffit^6tL s v CH 

5 3 0 0 volt, c < 1 0 c 0 t«t, O. 1 jU 

CTq-t,) ^io//st5S fl -fd-xosnaicj; y -J 
=yX^^m^%t^VMx ( t 0 — Tf ) <&ap»-efcy % 

[oiio] spa¥±sit*pi*Lfc. -J^x^mmcomm 
en/To) */h*<L, (v DC / Vp ) £*#<-f£ 

[0111] ^7XTMa)WtLro. 5g (v DC 

/ v p ) ffiSU, (V CM /v p ) g O. 5 

S-AtL^ts A J j[,Xfa-rV f^s (Tj/To) <0. 

[0 112] ftfe, /^l/Xfa-f^ CTj/To) |£/J\ 

^fflt a y . »+HHzo)ffl5ftaja»£^ < s-t? £ 5 

/T 0 ) ^0. 0 5M (V cc /v p ) (DfeTittoiTfr 

t?fcy, (t^To) tiro, o 5 JSJUnjwr-EaiBf* 

[0 113] :^t^1 2(C, hX^^V^(7?0iji: 

S i O 2 (0-f =j->x^;u^ttc^tt^^-f 0 ^>yn>co 

x^^^^U- hES i l«g-f*l/X*;^— T*r*-^ 
iill-*:^. -Y7h>x*;^-^i o vgj£jaJil?l*, 

*T±te^^^M^lcDx^^>^U™hES i 0 2 l£. 
■Y^->x^;u^^2 o vffijtKiT-eiio^a&y . 2 0 
VfefeZmz-Zh, -Yt>x^;^- i*ir ES i o 2 

[0 114] *©SSS. ^^->x^ju^— ^2 0 VMJg 
eiTr*f±Tifet<7>jaS?ibES i /es i o 2 j6<ooifts 
M^^#ft-r^ 0 -f ^->X*^U^— 0 VSJSJ#L±1? 
(i, Tife^COiHiRJtES i /ES i o 2 [± % -r^->x^ 

ju^f-otejinirfti^aa^ffiT-rso 
[01 15] mi 3tt, tttHK^-a-eftdttftDt cs 

i 0 2 , BPSG, H I SO^) 0)X7f ^WldrL 
C4F8^1.0Pa ftZf^X^itLtzftftt^ M 

[0 116] iftKDi'yfV^Lz-hES i O z tt, 



^ft>x^-^4oov^I!:-CES f o 2 A<ma 
ttiSiv'J^XDi^f ^U-hES i It ES i 

[0 117] CCDjg^, ES i 0 2 A<(-)*N&( + )^ffi 
^■^SMifil^T, TifiirCDiHiRitES i o 2 /es i # 
<*> tay, •t*l£k±VES i 0 2 /ES i tt-f^X* 

[0 1 1 83 HI 2, HI 3t% *|!R©^PiiX^<»Ji 
ffi[-$fLTl£. ES i ^ES i 0 2 dr>fflW\ ES i /E 
S i 0 2 ^. ES i 0 £ /ES i <0 ffiflD L 

10 119] *fc s v^x hx^f^y (TiftBltfglb 
;ft££i?<Z)x-/^>>0 *T?lix^^i/if \-<DX£ 

[0 1 2 O] ^Z5T*i 1 2. HI 3fZ^Lfc!f#1i£(±. 

[0 1 2 1 ] ^Htlz^&i:. <V 0C / Vp ) (io. 3& 
TfiffiT*fe*U£, -T^->x^;u^f— 0Dj£3&*y fi± 1 5% 
jflJUslTttty, HI 1 2^>B1 3C0$#t£T*t3 OJSJLLfl) 

[0122] do^fc »miK#M©iiaHBli^t:-s 

1 £ s - 1 O fl s . m * L < f£ O . 2jUs~5/is 
yiBLJSjfiSE: O. 2MHz-5MHzfz£fj£) ii< U 
JbXf^-f-i' CTt/To) O. 05^ (T,/ 

[0 12 3] »«LM**fc. JbEBC^^ffSlK»jK(D 

£SI±V CH <Dffifc#±IHLfc (V CM /v p ) ;S0.5<7) 

[0124] hi com^mmm^, t&»m ma- 
ns i 02, S f N T BPSGl) 



[0 12 5] iiXt LTI3\ C 4 F 8 : 1-5%, A 
r : 9 0-9 5%, 0 2 : 0~ 5%£> L < IS, C 4 F 8 : 
1—5%, Ar : 7 0-90%, 0 2 : O ~ 5 %, C 
O: 10-2 0%, ©ffl«(Dt,©Sffl^5o ^X^SB 
£JBSfJHiRfMB 1 eirLTI*, y *BfL*JHift38, 

OMH z rot<D^fflL\ 1-3Pa(3)fi#XE 

[0 12 6] ftfe, ^X-731fflSJS5ftS3Si eco^Jtl 
SHtr^ J: yMw±<D»«i^it*T-r Ajg»« 

^i?*;uo5±j«fzjtKr<^>(D*jS^ffi^t3Qry % ® 

O s- 1 5 0 jU sajt£fHt^* a y^&mtH 

[0127] 3f^xvaafflSf«iasas«)SHiJSffi 
j*cdjsjb^k«m&icu 2-DtDrp^cD'eti$siiib-r-&c 

[0 12 8] — /^;UX/«-rTXSJ±©B3jKllw«fco 

-irl^cb U , ^^>x*;u^"-(7)SiJffli$1f -3o A;uxA 
•i'TXtn 7 <h LT, #J;LI£\ /^UXBflB : T = o. 

/^Xtl : T, = 0. 1 5 u s . /^Xtl 
ifl: Vp = 8 0 0V(D®^£m^C<i:[C c ky % 
x*;u^f—<7)»fl]i|Sfi± 1 5%)ilTi-^y. Tifecos i 
^>S i N t<DM1Rikb LT2 0- 5 Ofl)igtt(DH,\?7 

er*2«aisto^7X-7x^5 i >'yasssffiwr«o - 
2 o^M^fcfftjs^^Q-cL^^-e^ss-So Tsumtn 

5C0±Sffifc»*iK*ffla8*ftJi2 2j6<Klt&tt % TSiJ 

Tl£gEeaH2 3<DZ?^Z.Mtft£Wi£fcXl'>& 0 2 
0V~1 0 O 0 V©JE<0/^UX/<-f 7^*fltl&^-5/^U 
XA-fTXH;J§1 7>6<. ?P v^l/^f^V^r^+H 9^ 

[0130] sas^i otDgiH^ttScSJhCjatoffly i/ 

^3 7 A, 3 7B£|£gU X^ffiJgOD Ip]± ^ H 5 

tftf^, Sfcmit^iX^ffl'J 7 A, 3 7B^<©«|!» 

— (O^tt-rTKi?^ h^co#^^«/ht $i±£ 0 g]i 4 
©ttBiht^a&fflU 7 A. 3 7 BfCfeUT. Tgf? 



[0131] JRiJhCMffluv^aTA, 37 

JBL^So *fc, Tfflg«fflU>^3 7 AI=f*:b>^>iJ- 
1 9 A^^Lt 1 0 0 K~ 13. 56MHz COfiStWltC 

M'j^^/W7xi;n 7A^fgf^L. ±^ f mmm 

U >^°3 7 Blzl^JWlM;J5 1 6<7)»*£D-ffl^RlJa*H 
A. 3 7 B^<7>-r?K#*&e3R-r«tftlZ37^*(D|«* 

[0132] ftfe\ B14013A, 13 
*^*JiRS*t&ffiiftft;-efcy* 1 3B|£S r C r +f=?y 

[Ol 3 3] U>^"3 7A ( 3 7 BCDig^e^L^^ 
(-i^s 4R?(0Stt$ U 7 A, 37BdptzfaM£ 

y s Ii«I^]^'J >2"3 7 A, 3 7 B©*®^&Klt 

[0 13 4] _hfflSHfS*j/S— 3 Olt, MIS^CDmSKDfr 
h2 5 OTritSMMEl 2l^m^*^^ 0 

S|S3 6^btfX®AS3 4. *Xffiftffi3 2, ±ffl«fil 
1 2 ^Lt±Sllfi*/^-3 0(^X36*fitt&S*L-&o 
_tgpMtI*A— 3 0 leant ?L*CDj|^*fcS 
S^fiELjBt<"#"SfcA, 0, 3- 1 mmgCDslfflaizSro 
Ttsy. -hSPS^^A— 3 0±gfS(D^fXE^1 

1 e> 1 / 1 0?IJg£&S o 3 0 Omm&G) 

±«US1l*/^—3 OleS* LT. LT 1 O 0 K gfi 

SPWfili 2jc»LTOttlcftyif3*aWi6-T?f*i»55^ 

[0 13 5] SSsRiEl 6(DHiftK* ? 3 OM 

H z^Jt^_LH< teZ>t. ±Ssaa*A— 3 o©8f*[Ri 

ttfi*<ftam*3S:<ftys «i-+*«#iE<&:^yC^« 
3 oS)gjaisJL^(o*i&sy"e-tffls«ffii 2 lea 

^■f*LKfit^ Pi 4CD^JT?I*. S r C*>*-?K>*<» 

±SP«ffl*/<— 3 o©*i|>«y 0Sk^FJr*±SIJ»ffi 1 2 

[0 1 3 6] ±«MM8*/*— 3 OCD'>#< <L 

'&*y*#*-L«SS«1 2lZ@^-T^^;£(i, IqT^^fB 

tK;u h2 5 1 f-pi^^ti^ico-e^< . f**fEfflco&£ 

isH7?±a5«airf)/^"-3 0 t±sssan 2t^±m^t 

L < \t& ft < t * * ibft y CO *|S» 1? J£5f L T i cfc L K 
[0137)01 4<DSIJEffl[::fcLvt\ #lSla>*tfe«!|-e 



3b£Iit*44 ott. TfiBBffil 5 <&_t ft, Iffi^ 

^^20, ^^t>^»^5l2 3fZj:^IEmW^^ 

[0 13 8] C(Dft«£D^ffltt. Hi lC^Lfc2«:fiii! 
1 0[zSA^^x^pjT^c7);jSaTr^AL*^b, teJIS 

tK^^i siz^ y KS^-^c^iz^ y ^ jiiii^i o 

OIEA$8i*4G)«!!31J±S3s O. 5-4. OPal^MBE** 
ft+3o ^JS^CSil 6 U itil 

2, 1 5m\Z2 OMHz-5 0 OMHz s »*L<I*3 OMH 
z-1 0 OMHs©BJHiftKE*Hl*DLT^XTS-SI± 
£l*£o TfiBBffil Slz, /to/W7X|Sl 

7^b20V-1 OOOV. fflffi3&tO. 1 /zs~ 1 O fJL s 
L < fi O. 2 jus~ 5 jtf s<DjE<0/</p;*/ , C-tf T^fiJE 

[0 13 9] CC0«fc9&/^L'X/^< T'^aBECOBlJSaicJ: 

1 7&tf»»Bfc*IB2 2lz i &^&»#ttJ±|gi 1 <£^J£#i]<!: 
[o 1 4 o] g| 1 sftuLHii 7 izct y*s&^co 

^ fflE»fl^ffi¥K2 0 o<7)«ja;3&t*3a:-5o «ii^J^^^ 

2 0 0(0=172 0 111 «i£>Lrfey s H#4 4 0CO + ib 

-ffiBi-ffla^"*ffli$*ibizurs 2 o 4ic^ ygg 

fltJSS+lTL^So fete. 372 O 1 l±f£il!l£;ft."Cl^£o 

#<t5^ctK l^l. hi <&^ifrMa>«^ is e 

<, *'l>#i£Tf^Xv«a36<fi<3S:ySB?S»^ffi 
T < So 

[0 1 4 1 ] hi 5<Dmmm^\t, im^2 0 o 

(DimfoLtc^T 2 0 1 7^0 Icf ^ ^ «t o TmM<Dft 
m^itL. K#4e7)*jO«iEl»l*»fflt =0, t-T 0 

So 37 2 o 1 ^s#»s^ui»H-Ei*EroajS^iiiiK'r 
s*s^, mi 71^-f £91-, i^'ifi^^rBigpicfcits 

fl#na¥3S-ffci-j:yHKpt:fltrc3S:-s 0 ecr 



ai-raj***^* 

[0 1 4 2] &fe. H 1 5tf)3T 2 0 1 ffiT?— 

* 3 t aLvfflf^attiiift 

[oi 4 3] &fz s mi sft^LBi 9f^*y*aiW(© 

a»»jlt^S2 0 0(0*j«4«*3S:* e tt*J&A^R 
2 o o^n72 o 1 ffisSco^ftic&iS-rsfiBi:: 
ia®(Dx^i;2o i A^tis *&ascoffliStt«fl&«)x 

m^ntef$ft<nmm&mtim 1 <7>sg*EG!a>*&i::j:t-< 

[0U4] 12 oizj; y*38K<0ti&CDSSS5flj£ 

^»2 o o<3DfltfiE3&«a3S:s« ata^js^-a 2 000^7 

2 o 1 fiffl^a-efey , &ll^©**(z^j£ir£te;Siz 

2 O 5 1*. *ft$it*;2 O 3 £2fe|z s lr/201 AG>*ifr 
*Ji-6ift(0EySlHlte-r« 0 -tf>c£5&:t*J&lzJ;y % Hi 

[0 14 5] *fz, 02 1 &l^L02 2rzJ:y*aBBG> 
Wj<D SKUM Iz ft 5 2 Sffiffi (7) ^ XT x */ ^ > /f £ 

SIMi ocdjhhi=2»<03-ou2 i o r 2 2 o^ffl^r 
fey , ft**a>3 -<;ufzSft-5Bis<30fii**^Bi 1 . 2, 

3, 4<0J:3l=:|lR*«iyS*-5Ci:lzJ;y, 0(I5«#* 

3-nu2io, 220 

CD*^0iifiO-Of± % iiil 2 r 1 5fl)*fflJ:yt,± 
SffSffil 2ffl|]|ZfiSLTL^ 0 CltLlZ^or. 1**44 0 

JsiTrcft4<feai=*jffiLrt>s* 3-YJU2 1 o, 220 
coitiu, ^g^iins^ir^c^jZcfcoT, unnmm 
sb & t > l 1* * CD *mbj wmco xt ± j: y ^ s s 

[0 14 6] 2fc|Z % 023, IH2 4IZcfcy. 

<z> siisw j z # « 2 mm g(D^X7i^f> >fgs £ «k 
R^cosan^i o<Dgnafz;^oT7k¥Mi^T?Raa^izie 

mZfctz — ttO)^^ ;U2 1 O' £{Stf.Tl^-&„ C<D — ** 

c03-f;U2io' (zSftiiSS3i£&*iJ«iLT. !H2 3jz^ 



B (i) . (2) -e^Lfciaic -S««*l=tt»fl!) 

[0147] H2 4fzTO-e^-r^3i^, aaiBia, m 
i£® r* i± jiass + 'frffli?t£*t & fc * , i&as*» 'bfiuoD 

ofcto, «aSS4ui>fflroHt*(D3S$*, 0 2 2<Dg£JS#j 

izJ:t-<T. "tfrto^, IH2 3(D^ 

ffi»0t?l*. H2 2OHJS0iJfzib-<x, 4Q31£*ii>fiji|=fc 

[0 14 8] -J£JSffi*::»«©«tt£i£*fc*i± 
^-iriz^or, E x b<D KU ^ hS6SS4>&< LTL^ 

[0 14 9] «Hf»j3c^K2 OO t LT, 0 2 2 

[0 15 0] mtz. B»»*¥S2 00tL-C» R^tt 
3-f;U2 10* |Cft^.T, i2 SfZTK-Tcfc^iZ. RJ^<7) 

SP^ffl^fe-arfzftS, aSCOa-f JU2 1 0 J iLt 
^^L^ 0 Z(7D±i-^ti. 7K 3 FSt^T?(i:. ®S^*'0SjJfz£& 

[0151] B2 6^1M(?)J;a^s 1 n<D 

JK0*ibtt*. «Q f 3iS+'b»-eK**®lzffi-^< J: 5 
[Z. Mi£Srt-Cl«^*lJ:TiBBLTt,aL^ CtOglffl^J 

[0 15 2] l£tz, M2 7|Z7Ff J:5lz s -SsfCD3-<;U 
2 10AOi£«f^ 3-<^2 10BSSBLs 2$IC7)3 
-Y^G>l;3jS^fti]flip-r*Ci:lzJ; EC R-^P^&cSct^ 
(z, ECR*«fiaW3fi-eco«ii©^ESiEfb*i±. e 
CR#t(ft««cDfi^S<t$iJ:5ctti;#-5 D ECRU 
!««Sa^i|S£3fPizXSJz«aidf^Sc4:lzJ;y H 

[01 53] ftfe. Isl±^fc. HI 2 3 2 7 C^^ 

[0154] &iz v i2 8&l\le2 9i3*fc y*asea«D 
itiz^sjs^'j fz& 5 2 ^ X7i^> <f^m £ 



-I n 



2 0 0^ iDrSSl 0CDHH&tfJ:S|i|Z3-<;U2 3 0, 
£D0O#<k* =]-Y;i^2 3 0 7?ff£E££tl£KlflB' £Dfi]* 
tT;«B-t^ ftlf 1 O<30g|i21fc<fen«l"C(*aL^|zS*-r 

[oi se] i3oi^j:y*^ffiiteiiMjj 
x*;u^— M#£ftft[/ti§£-|::. ffiJSMBffil 63^b 

Jisuwfti 2 iz x mh zSjajsiTcosssia f 3 

JP— $1 OO~2OOVf£j£ig*£i±£t0)-?fc&o ft 
fc\ 1 64, 1 6 5fj:7<;^-tfc§ 0 
[0 15 7] 1 iz& y , aiia*M<D2Siia 

[0 15 8] BJlC^SE^fcefe^lZ, K»0>««IB»PXtt$ 
iSLafiaWMiapxAtBrflgrzftofc. SmTorr^ 



[0 15 9] -ffitu -»©2eiSSfflUfc^Xv« 
^EAicDffflU:!*, H3 2fc^T^a ir, flS3S<DH»Sk 

i*5fc#>[c % §SiiXE4 OmTorrB#^^pi*]g4x?MC0 
2 5<S^Tfc^^L"C. e4£fflER££5 OmmfMJg£LT£ 

IE (4 0mTorr) ^CD^^iXifMO 2 ~ 4ffi (4nun- 

[0160] §31 \Z7F LtzmmmviL ?7Xv^ 

fflKJSsffiaaSl 6 t LT\ 2 OMHz ~5 O OlYIHz „ H£ 
L < IZ3 OMHz ~2 0 OMHz03aHK1**fflL^Sfc 
tos ^I^I*]£>;tfXl±;ft£. O, 5 — 4. O P a <Di&]± 

^Lt-^x^aqii^fr. 5K*ffl*pxtt£rp] 

fl)i/>4c£izcfc y#*:7^xv<B«gi*<fi< #y , tm 
*nxMF03aS?ibftj»36<a<ft-5„ 

[0161] &±^tz*5£BJl(DmMm\^te^X . /*>\, 

[0 16 2] /^^Xlts : T, , /^UXJBJtfl : T 0 T* 

Jl!ilS*<0^±y/fiTya*i&tiOSSB3S:ffi^<;ux 

icjj^rtts H3 3i^3F-rarz, f<3f 0 (f 0 =ci 
/T f )) ©js»a«sHic7 o-8 owsffioa*^** 

tu^ G *ISrcH]Jp$n4»igl*, 3±±y /±LTU 

=& is to. ■*fl?4!isttttsica#**ts f^3 

[0 16 3] 3 f 0 #«^Jl»»j£#£*oAj|,*/* 

^3f 0 (z*fLr. fS3f 0 &&tmo>m}&&mft% 

[0 16 4] 
[»3] 



T 1= 0.2^st:r5t 3f 0 *3~=15MHz 



1 2^/^u^/^-f 7^(Dg*fiU^;Hw-r5jrld:, ^^X 



y*#<U fro, f = f , tti£^0^>tf-#>x^ 
*^<. «<DJB»»-(f(d:-f >bf— y>X3&*ffiiV K 

X'j 3*-* 1 4 1 t±»WSl 2 t»*L//<JUt©|B 

<;u$m 42$, r$mm stffi^L^juHicfiHt- 

^Sa-Ol^ 5 4[4^®a-<;ur:;i 0NIHz~2 5 OMHz 
KiHl ©a3A£BJaSEBaS3EBafa-*aii 6 1 icfcySKS 

(D&mmi cm, »«cft*iM2 2©±izia»*4o^«« 

[0168] x^^M^^t^^. flkS^frfta 
*"Xl*t&S (H^-yr-r) frbffiil^l OlcfliS#xSHf 

P a rc3SEgfatt"-&o &\z x mffl;&Wf%5 4 I" 1 3 . 5 

£#6 ;= y s iS»JS(0»W*yW&-6LN|dt3B#?ltftiJ 

[0169] 11 3 5 IZsTT i: 5 ss**£^ss» 

7 7 7f~^KS5 3 < l:, o. 5rran~5mm(0*L^> 
— ^ K4RSBffl$6i»*R5 4 ^tf^T^T— > 

CD SB Ciot, n -f Jl/ 1 v H file:** s&« d> & 



[0 17 0] f^z. 7 7 7f-v-^KS5 3f*. /1>U 
TXMS1 7(Dft*6«ffi©fiB**teSfci6, St 
#*4 0 t77 7f-v-;i, Kfis 3 tfl)HlcJ*i— f^/%°;u 

[0 1 7 1 ] 0 3 6 1*. *^$7Y^a;g^X7» 

-So »a(ft#flt2 2C0±I^KS4 O^M^SIS^ 
1 5tLT07«iSl Slctt. y^WTXlIl 
7^UI|1^®;TI1 3^S«**Lri%S 0 4 1l*V-f£n 
sfc<D»ffiffi£ LT<D^-Jf* hP>. 4 2I^^^^7P;JSCD 

#»f-cfcy, 4 3f£ % ftiii o ^K^ititL^'f^ 
p;«wisi o^«tt-r-Bfc»fl05S«-ea&6 ft 47 

©ffiJi^frsafflffi^^te-rso *fc, jam o 

;b7nV7X®(Il 7&tff|'B^-v^ 2 0|:i&S6:1$ 

ttttiai<7)itffiff>Ji:gi«T?fcy. i¥aif**iis-rso 

[0 17 2] xy^>#j!L3g£frS*^s ffiS&frftd 
^#K«4 0$KJ4^1 BIzifcSL. ftfA^fiSL, 
>tfx«*&a%4 QA^jn-SSi Oleoma**;* £nlf^<z>SE» 
tfALWb, ffi^H^V^MJ: yi^^t^)- 
t(C,ty % fllil^l 0(DE**0. 5-4. OPaCiJ 

VW-f K^^;U7, 48^^^, -7>f^hP> 
4 1-eMLfcT^^7P^5®;Sf 4 2^bfelll 0 
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